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Everything in 
V-Belt Drives 


from one reliable source! 


ALLIS-CHALMERS HAS BOTH the engineering experience 
and the drive equipment to lick the most unusual prob- 
lems. Your special problems are carefully analyzed by 
a staff of experienced application engineers familiar 
with your industry. The result — the right drive for 
the job! Call your nearby Allis-Chalmers distributor 
or district office for help on your drive problems, or \\’ 
write Allis-Chalmers, Milwaukee 1, Wisconsin.  a-4087 


Texrope and Magic-Grip are Allis-Chalmers trademarks. 


ALLIS-CHALMERS 








TEXROPE Grommet V-Belts—20 
to 50% longer life than ordinary 
belts. Size for size, grommet belts 
give 1/3 more gripping power, pull 
heavier loads with higher safety 
factor. 











STANDARD CAST IRON SHEAVES 
— Made to order from stock pat- 
terns. One to 14 grooves for A, B, 
C, D or E belts. One to 1000 horse- 
power. Split sheave or split hub. 

















MAGIC-GRIP SHEAVES — Semi- 
steel casting with interchangeable, 
patented taper bushings. On and 
off in a jiffy. Cannot shake loose. 
Two to 12 grooves for B, C and D 
belts; 2 to 250 hp. 








"ene ees =—y 


! 
i 
i 





Sold... 
Applied... 


Serviced... 
by Allis-Chalmers Authorized Distributors, 
Certified Service Shops and Sales Offices 
throvghout the country. 


MOTORS — 1/2 to 
25,000 hp and up. 
All types. 





CONTROL — Manual, 
magnetic and combina- 
tion starters; push but- 
ton stations and compo- 
nents for complete con- 
trol systems. 





PUMPS — Integral 
motor and coupled 
types from %, in. 
to 72 in, discharge 
ond up. 
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PEs Pe Ey a a ee 


Only Total Achievement Counts _..... Editorial 
Overall engineering accomplishment requires more than technical excellence; the 
total design picture must be known before a design is a success 


Processes and Costs . .. .By Roger W. Bolz 
How the basic factors that influence costs—quantity, process and tolerance—can 
be controlled most readily 


Scanning the Field for Ideas . ; 
Torsion-locked splines—dual power drive—commutator a loading—floating pack- 
ings—compressed-air bearing—bearing preloading—irregular motion mechanism 


Press-Extruded Forgings . By L. M. Christensen 
Unusual new possibilities offered by a new process for producing precision forgings 
without draft 


Stresses in Rotating Parts By R. L. Lake and A. J. Durelli 


How two experimental techniques can be applied in a new way to stress deter- 
minations with plastic models 


Contemporary Design 


Hydraulically-sprung bulldozer hieeieeuite drill—gear snap-in pump 
with sealed motor—moisture conditioner—tape dispenser 


Linkage Design ss. By Philip T. Nickson 
An actual linkage design is oni to demonstrate possibilities of the overlay 
design method 


Right-Angle Helical Gears _. _.... .By Oliver Saari 


Trial-and-error and layout methods for design are eliminated by this exact mathe- 


matical procedure 


Spindle Drag Pump By R. A. Strub 


Extruder principle is employed for small discharge of viscous fluids at high pressure 


Design Details 
Retaining rings—offer a simple, effective solution to everyday fastening and posi- 


tioning problems 


Controlling Inertia By W. W. Sloane 
How linkages and irregular gearing are combined to achieve improved per- 


formance in shaker conveyors 


Hydraulic Control Systems By R. Hadekel 
Part 4 — Automatic-sequence systems for performing a number of operations in pre- 
determined order are discussed 


Plastic Ducting By H. J. Stark 


Considerations involved in fabricating ducts of plastic materials 


Thin Cantilever Beams By J. H. Baltrukonils 


Data Sheet — A design method for thin cantilever beams and leaf springs thot 
considers both large and small deflections 


Design Abstracts 
Designing worm drives—the automatic factory—spinning or drawing—applying 
Teflon in design — lubricating with molybdenum disulphide 
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The Thieving Transformer 


We’ve heard engineers abuse 
balky equipment and even cast as- 
persions on the ancestry and moral 
habits of machine components. The 
Soviets as usual are ’way ahead of 
us and are now introducing politics 
into their descriptions of equip- 
ment. According to a book pub- 
lished in Yugoslavia and quoted in 
the General Electric Review, there 
are two types of transformers: der 
kapitalistische Raubtransformator 
(the capitalistic robber-transform- 
er) and the new socialistic trans- 
former. Needless to say the former 
is an inefficient, decadent device 
while the latter is a paragon of 
efficiency. However the G. E. Re- 
view reveals, by direct quotation 
from Russian engineering publica- 
tions, that Soviet engineering falls 
far short of what some popular 
writers would have us believe. 


This Month's Cover 


That out-size red arrow you see 
on the front cover represents the 
squeeze required to produce an ex- 
trusion forging. It is part of artist 
George Farnsworth’s idea of the 
wedding of impact extrusion and 
press forging. Termed “press ex- 
truded forging,” the offspring has 
attractive possibilities for cost- 
conscious designers, which are dis- 
cussed in Christensen’s article be- 
ginning on Page 124. 

Incidentally, our fresh approach 
to front cover design has been rec- 
ognized by the award of a certif- 





icate of merit for the “best graph- 
ical presentation” in the annual 
Industrial Marketing editorial 
achievement competition. For more 
news of honors won by MACHINE 
DESIGN in this competition, turn to 
Page 183. 


Design Details 


Starting on Page 152, a 
new department makes its initial 
appearance in MACHINE DESIGN. 
Entitled Design Details, it has 
been created specifically to as- 
sist the designer in selecting and 
applying standard commercial 
parts. Through these pages, we 
plan to present a pictorial guide of 
practical and helpful suggestions 
on how to solve those “little” prob- 
lems which can make such a big 
difference in design. As a forerun- 
ner of things to come, the first of 
this series is devoted to retaining 
rings—a useful and versatile fast- 
ener for machine assemblies. We 
hope you will find some cost-sav- 
ing hints in this and the install- 
ments to follow. 


For Your Convenience 


Beginning this month you will 
find some rearrangement of certain 
sections of MACHINE DESIGN fol- 
lowing the main feature articles. 
Engineering News Roundup is now 
in the position formerly occupied 
by Design Abstracts which has 
been moved to a position where the 
pages can run consecutively with- 
out the long “breakover’”’ formerly 
necessary. New Parts and Mate- 
rials now follows the Helpful Liter- 
ature insert instead of preceding 
it; other changes of a minor nature 
also have been made, all designed 
to improve readability. If you have 
any difficulty finding your favorite 
department, just turn back one 
page to the table of contents. 
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Advertising and editorial content itemized for con- 
venience when studying specific design problems 


A 


Adhesives, Edit. 224; Adv. 58 


Aluminum and alloys, Edit. 196; Adv. 


60, 71, 107 


for automobile radiators, Edit. 184 


Automation, Edit. 261 
Axles, Adv. 270 


Balls, Adv. 6, 214, 235 
Beams, thin cantilever, 
Edit. 173 


Bearings, antifriction, cause radio in- 


terference, Edit, 106 


ball, Adv, 40, 42, 66, 190, 233, 322, 


338, 351 
hydrostatic thrust, Edit. 122, 134 
miniature, Adv. 32 
needle, Edit. 208; Adv. 322 
rod-end, Adv. 343 


roller, Adv. 42, 66, 95, 190, 251, 322 
roller, preloaded with set-screws, 


Edit. 123 


sleeve, Adv. 30, 185, 226, 286, 308 


Bellows, Adv. 70, 318 
Belts, conveyor, Adv. 261 
transmission, Adv. inside 
cover, 22, 231, 310 
Books, Edit. 304; Adv. 222, 335, 337, 
344, 346 
Brakes, Adv. 36, 240, 329 
Brass (see copper and alloys) 
Bronze (see copper and alloys) 
Brushes, cleaning, Adv. 300 
commutator, Adv. 280 
Brush holders, Adv. 342 


Cc 
Cam and linkage produce motion in 
two planes, Edit. 123 
Carbon and graphite parts, Adv. 256 
Castings, centrifugal, Adv, 71, 96, 342 
die, simplify drill design, Edit. 133: 
Adv. 26, 71 
investment, Adv. 71, 96, 218 
light alloy, Adv. 71 
permanent mold, Adv. 71, 349 
precision, Adv. 317 
sand, Adv. 59, 96, 285 
steel, Adv. 281, 323 
Chain, conveyor, Adv. 291 
transmission, Edit. 195, 196: Adv. 
79, 92, 99, 105, 223, 291 
Circuit breakers, Adv. 330 
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design of, 


front 


Clad metals, Adv. 301 

Classified ads, Adv. 346 

Clutches, Edit. 195, 206; Adv. 36, 240, 

314, 329, 341, 342, 344 

overrunning, Edit. 312 

Coatings, friction-resistant, Adv. 247 

Coatings (see finishes) 

Cold forming, Adv. 325 
lubricants for, Adv, 352 

Compressors, Edit. 183 

Computer components, Adv. 258 


Connectors, electric, Edit. 210; Adv. 


289, 346 
Contacts, Adv. 256 


Control systems, electric, Edit. 206; 
Adv. inside front cover, 215, 294, 


back cover 


electric, display on wheels, Edit. 


188 


hydraulic, Edit. 159; Adv. 9, 239, 


337, 347 


pneumatic, for jet engines, Edit. 


182 

Controls, cable, Adv. 294 

Conveyors, Adv. 19 

Copper and alloys, Adv. 30, 107, 226, 
259, 286, 297 

Cost control through design, Edit. 
112 

Counters, Adv. 94 

Couplings, eddy-current, Adv. 240 


shaft, damp torsional vibration, 
Edit. 312 

shaft, prevent torque _ reversals, 
Edit 308 


shaft, Adv. 63 
Cylinders, hydraulic, Edit, 198, 210¢; 
Adv. 8, 9, 46, 85, 236, 339 
hydraulic, eliminate bulldozer push- 
beam, Edit. 132 
pneumatic, Edit. 216; Adv. 46, 85, 
103, 216, 236, 303, 339 


D 

Dehumidifiers, Edit, 135 

Differentials, Edit. 194 

Drafting equipment, Edit. 228, 232 
235; Adv. 68, 211, 339 

Drawing, Edit. 267 

Drives, adjustable speed, Edit. 196; 
Adv. 82, 215, 237, 345 

Drive, dual power, Edit. 121 


Electric equipment (see specific type) 


(Concluded on Page 10) 


Electronic components, Edit. 200; 
Adv. 289 

Electronic paging system, Edit. 106 

Electroplating, Adv. 189 

Engineering department 
agement or Drafting) 


Expansion-forming, Edit. 178 


(see Man- 


. 


Fasteners, bolts, nuts, screws, Edit. 
194, 198, 200, 204, 208; Adv. 13, 
35, 65, 201, 276, 295, 324, 328, 
347 
insert, Adv. 29, 209 
locking, Edit. 208; Adv. 13, 65, 
201, 295 
retaining rings, Adv. 245 
retaining rings, solve design prob- 
lems, Edit. 152 
rivet, Adv. 29 
Felt, Adv. 221, 241, 304 
Filters, Edit. 204 
Finishes, protective, Edit. 200; Adv. 
247, 352 
protective, testing, Edit, 106 
Fittings, pipe, tube and hose, Edit. 
195, 198; Adv. 56, 234, 275, 319 
Fluid Power Association organized, 
Edit. 186 
Forging, Adv. 253, 255 
by press-extrusion, Edit. 124 
Friction materials, Adv. 39 
Friction-resistant coatings, Adv. 247 


G 


Gages, pressure, etc. (see also In- 
struments), Adv. 21 
Gaskets, Adv. 31, 38, 219 
Gears, Adv. 15, 67, 102, 262, 289, 340 
Gears, irregular, in shaker convey- 
ors, Edit. 154 
right-angle helical, design of, Edit. 
145 
worm, designing, Edit. 248 
Glass fiber, Adv. 64 
Guided missiles, Edit. 182 


H 


Heaters, Adv. 284 

Heat exchangers, Edit, 200; Adv. 244 

Heat-resistant alloys, Edit. 106; Adv. 
230 

Heat treating, Edit. 181 















he always DESIGNED AND BUILT 


FOR FINEST PERFORMANCE 


Hanna 


H P HYDRAULIC f 











linders 
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for 50 YAS the Hanna nameplate has signified the 


finest engineered products. Meeting JIC Hydraulic Standards 


is nothing new for Hanna High Pressure Hydraulic Cylinders. 


They have always been designed, engineered and built to Sab for ; 
s 

assure top-quality and dependable performance. NEW CATALOG ' 
There is a complete line of standard Hanna H P Cylinders For complete information ‘ 


~ 


and specifications on 


, Hanna H P Hydraulic Cylinders, — 
every mounting requirement—to supply safe, smooth, ask for new Catalog 233-A 


— for working pressures up to 1500 p.s.1.— to suit nearly 


economical power in thousands of industrial applications. 


(He) Hanna Engineering Works 


HYDRAULIC AND PNEUMATIC EQUIPMENT... CYLINDERS... VALVES... RIVETERS 









1751 Elston Avenue, Chicago 22, Illinois 
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Brilliant New 


Machine Design 
CRACKS “BARRIER” PROBLEM with 


OILGEAR FLUID POWER 


Once the “forge-it-in-mid-air”’ 
idea occurred to the Chambers- 
burg Engineering people, there 
were two “‘barrier’’ problems to be 
smashed before the idea became a 
brilliant reality. Something of the 
seriousness of the problems is in- 
dicated by the fact they spent 10 
years to get the right, precise in- 
tegration of movements and forces 
required. 

One problem, that of getting the 
blanks to be forged into the right 
place at the right time for the mid- 
air forging blow, was eventually 
solved by recourse to Any-Speed 
Oilgear Fluid Power. The 
standard totally enclosed Oilgear 
Transmission with integral 
electro-hydraulic control gave the 
designers of the Cecomatic Im- 
pacter remote, interlocked, precise 
control of the conveyor. . . quick, 
cushioned acceleration... high 
traverse speed . . . fast, cushioned 
deceleration ... smooth stop and 
dwell in forging position; all at the 


speed and accuracy they needed 
...just as so often in the past 
Oilgear has given other machine 
designers what they wanted. 

Maybe your problem can be 
solved, your machine’s perform- 
ance improved by the smooth, 
swift acceleration and decelera- 
tion of the Any-Speed Oilgear. 
Maybe you need its extreme pre- 
cision of controllability ... or any 
of a dozen other remarkable char- 
acteristics. In addition you get 
simplicity, ease of assembly into 
your machine, ruggedness, de- 
pendability, accessibility, a unique 
freedom from maintenance. 

But whatever your need, you 
have not exhausted all possi- 
bilities in machine design if 
you have not investigated 
Oilgear Fluid Power Pumps, 
Motors and Transmissions ex- 
haustively. You too may have a 
world beater in your hands. THE 
OILGEAR COMPANY, 1568 W. 
Pierce St., Milwaukee 4, Wis. 








die wear. Blanks load into conveyor 
automatically. And automatically the 


OILGEAR 








IN D EX (Concluded from Puyec 7) 











Hose, metallic, Adv. 109, 337 
non-metallic, Edit. 195; Adv. 275 


Hydraulic equipment (see _ specific 
type) 
I 
Induction heating, Adv, 331 
Inertia, contro] of, Edit. 154 
Inspection, Adv. 333 
Instruments, Adv. 82 
Instrument dials, Edit. 208 
Insulation, Adv. 273 
J 
Jet power unit drives boats, Edit. 177 
L 


Latches, Adv. 41, 306 
Leather parts, Adv. 2 
Linkages, used in shaker conveyor, 
Edit. 154 
design of, Edit. 137 
Lubricants, Adv. 232, 352 
molybdenum disulphide, Edit. 284 


Lubrication equipment, Edit, 214, 
220; Adv. 11, 199, 203, 207, 272, 
347 

M 

Machines (see specific type or proc- 
ess) 

Machining facilities, (see also specific 
process) 


Magnesium and alloys, Adv. 266 
Mechanism Conference, Edit. 178 
Meetings, association, Edit. 244 
Metals (see specific type) 
Meters, Adv. 312 
Milling, Adv. 57 
Motors, electric: 
brakemotors, Edit. 206; Adv. 205 
fractional and integral hp, Edit. 
210; Adv. inside front cover, 1, 
20, 22, 80, 86, 97, 100, 224, 237, 
283, 305, 315, 340, inside back 
cover 
gearmotors, Edit. 206; Adv. 50, 55, 
237, inside back cover 
subfractional, Edit. 194; Adv. 82, 
305 
timing, Edit. 218; Adv. 84 
Motors, hydraulic, Adv. 9, 98, 104 
Mounting, vibration and shock, Edit. 
196, 222; Adv. 267, 268 


N 


Nameplates, Adv. 341 
Noise control, Edit. 183 


MACHINE DESIGN is indexed in 





P 
Packings, Adv. 2, 31, 48 
floating, seal pneumatic valves, 
Edit. 121 
Pipe, Adv. 12 


Plastics, Adv. 25, 89, 91, 321 
sheet used in ducting, Edit. 172 
sintered nylon, Edit. 181 
teflon, applications in design, Edit. 
274 
teflon changes volume at room tem- 
perature, Edit. 177 
teflon protects conveyed products, 
Edit. 184 
toughening, Edit. 108 
Pneumatic equipment 
type) 
Potentiometers, Edit. 224 
Powder metallurgy, Adv. 307 
Power steering, Adv. 313 
Printed circuits, Edit. 108 
Printed circuits by photo etching, 


(see specific 


Edit. 184 
Processes, their effect on costs, Edit. 
112 


Pulleys (see also Sheaves), Adv, in- 
side front cover 
Pumps, Edit. 195, 202, 210; Adv. 20, 
228, 270, 309, 338 
for viscous fluids and high pres- 
sures, Edit. 149 
use no seals, Edit. 135 
Pumps, hydraulic, Edit. 204, 206, 
214; Adv. inside front cover, 9, 
90, 98, 104, 309 
pneumatic, Adv. 264 


R 

Recorder “stretches” data, Edit. 106 

Rectifiers, Adv. 82 

Reducers, speed, Edit. 202, 208, 220; 
Adv. 55, 62, 220, 254 

Relays, Edit. 196, 200; Adv. 88, 110, 
197, 222, 227, 274, 284 

Research & Development, Edit. 228, 
230, 232, 236, 238, 241 

source of neutrons for, Edit. 179 

Rubber molding, Edit. 224, Adv. 5, 
298 

Rubber, Adv. 5, 18, 316 


Ss 


Seals, Adv. 31, 38, 265, 326 
for journal bearings, Edit, 308 
mechanical, Edit. 202, Adv. 2, 193, 
326 
Screws, power, Adv. 293 
dual drive, Edit. 308 








Shafts, flexible, Adv. 238 
propellor, Adv. 101 
Shapes, special, Adv. 246, 325 
Shearing, Edit. 178 
Sheaves (see also Pulleys), Adv. in- 
side front cover, 310 
Spinning, Edit. 267; Adv. 282 
Springs, Adv. 345 
largest constant force, Edit. 188 
Sprockets, Edit. 204, 216; Adv. 22, 
92, 99, 105, 345 
Stamping, press for 
frames, Edit. 184 
Starters, motor, Adv. 16, 22, 80, 287 
Steel, Edit. 183; Adv. 44, 51, 290 
Steel, stainless, Edit, 218, Adv. 24, 


automobile 


28, 51, 225 

Stress analysis of rotating parts, 
Edit, 128 

Switches, Edit. 194, 202, 208, Adv. 82, 
242, 277, 292 

Swivel joints, Adv. 263, 339 


T 


Terminals, Adv. 289 
Thermostats, Edit. 224, Adv. 87, 330 
Titanium resists galvanic corrosion, 


Edit, 188 
Torque converters, Adv. 14 
Torsional locking eliminates _ set- 


screws, Edit. 120 
Transformers, Adv. 22, 82 
Transmissions, variable speed, Adv. 
212, 338, 341, 343 
Tubing, Adv. 12, 93, 229, 257, 299. 
320 
nickel used in transducer, Edit. 179 


U 


Universal joints, Adv. 101, 296, 332 


Vv 


Valves, Edit. 186; Adv. 47, 56, 327 
hydraulic, Edit. 198, 212; Adv. 9, 
98, 104, 339, 340, 344 
pneumatic, Edit. 202, 204, 210, 214; 
Adv, 103, 282, 339, 340, 343, 344 
pneumatic, controls tape dispenser, 
Edit. 136 


Ww 
Wear resistant alloys, Adv. 301 
Welding, Adv. 213, 334, 337 
portable spot-welder, Edit. 106 
Wire and wire products, Adv. 217, 
261, 297 


Z 
Zipper, sealing, Adv. 187 





industrial Arts and Engineering Index Service, both available in libraries, generally 
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Only Total Achievement Counts 


HE Old Timer was adamant. Nothing but a Jackrabbit starter would 
do. For fifty years he, and his father before him, had been specify- 
ing Jackrabbits and “they don’t come any better.” Against their 
own better judgment his more alert colleagues allowed the Old Timer his 
way, but what happened? 

Because of the Jackrabbit Co.’s chronic inability to iron out labor 
disputes, deliveries of the starters were slow. The superb machines 
which the Old Timer had designed stood incomplete and idle for lack of 
one vital component, production departments were disrupted, and cus- 
tomers squawked. As the starters began dribbling in, the machines were 
brought back to the assembly floor for completion and things returned 
to normal; but not before thousands of dollars were wasted in lost motion 
to say nothing of vanishing customer goodwill. 

What went wrong? In the first place the Old Timer had failed to keep 
abreast of new developments in machine components. Otherwise he would 
have known that competitors of the Jackrabbit were providing equally 
good, often better, features at a lower price. Again if he had consulted 
his purchasing agent he would have known that Jackrabbit was notoriously 
unpredictable on deliveries. With the facts in his possession he wouldn’t 
have been so stubborn. 

The moral is obvious. The percentage of the cost of a new machine 
that goes into purchased items is so high that selection and specification 
of components deserve as careful analysis as calculation of stresses and 
design for producibility. It is short-sighted, at the very least, to freeze 
a design around a particular proprietary item without a thoroughgoing 
study of available alternates and a check on such elementary matters as 
delivery and price, which are part and parcel of today’s engineering design 
picture. 

The Old Timer was a technical success but in terms of overall engi- 
neering accomplishment he was a dismal failure. He ignored the vital 
principle that enough of the right material must be in the right place at 
the right time if his design is to become a reality. Only total achieve- 
ment counts. 
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successful, must be original and visionary, he 

must also produce final designs which are prac- 
tical. Difficult or expensive manufacturing character- 
istics today must be classed as equivalent to functional 
mediocrity. To be eminently practical the designer 
must create products capable of manufacture by proc- 
esses incurring lowest possible costs. Competent an- 
alyses indicate that few, if any, designs are created 
that cannot be reduced to an assembly of parts pro- 
ducible by the more commonly available methods. 


A LTHOUGH the design engineer, to be eminently 


Design Influence: Practically speaking, as part de- 
signs are created, developed and detailed, the designer 
is actually selecting the process or processes by which 
the parts will be manufactured. Or, too, he may be 
limiting the useable methods to those least desirable. 
Drawing details and specifications actually place wide 
limits or narrow restrictions on practical processing. 
The design of the product often determines whether 
the shop can be set up to manufacture with relatively 
few operations or will be strapped with costly, un- 
predictable or even unnecessary steps in production. 

As an example, operations such as hand filing, bur- 
ring, polishing or snagging are unpredictable and often 
defy all time standards. Not only lower costs but 
improved parts are the result when these and similar 
undesirable operations are avoided. 

From these and other pertinent considerations, it can 
be said with assurance that final costs are dictated 
by the design engineer. The specifications set down on 
the engineering drawings for the parts of any partic- 
ular machine place firm limits on production costs 
which seldom can be altered to any significant degree 
without basic redesign. This fact makes it imperative 
that the design engineer know and recognize his in- 
fluence on production costs; he can achieve amazing 
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cost reductions with a well-rounded knowledge of how 
parts can best be produced, and how production costs 
are affected by quantity, process and tolerance. 

While numerous production innovations are gen- 
erally adopted to attain acceptable manufacturing 
costs, in the overall analysis the greatest achievements 
in the direction of economy are most easily attained 
through proper design. Regardless of type of machine 
parts, quantities or tolerances involved, maximum 
quality and minimum costs can be obtained only if 
due consideration is given the possible production 
methods available for their manufacture. 

It may be argued that methods, planning and cost 
analysis are not the responsibility of the designer 
and, considered as specific on-the-job duties, this may 
be and often is the case. However, the fact remains 
that planning and cost analysis seldom can effect 
economies in production in any degree comparable 
with those possible during basic design. It must be 
remembered that detail part drawings establish the 
number and complexity of fabricating steps required. 
Each feature and limiting specification beyond that 
necessary in the basic design increases tota] cost. By 
judicious forethought the designer can easily arrive 
at the most reasonable specifications. 


Processes: In many instances, any one or several of 
a group of processes may be satisfactory for produc- 
tion of a part without affecting the functional charac- 
teristics desired. For instance, the stainless steel el- 
bow shown in Fig. 1 was designed for machining from 
bar stock. Specification change to permit cast rather 
than wrought material permitted a savings of $2.18 
per piece. 

The part illustrated in Fig. 2 was originally de- 
signed to be machined from plate. However, a speci- 
fication change to permit use of an extruded shape 
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Engineering drawings of the designer set the limits on basic costs in manu- 
facturing. General factors which affect costs can be controlled most readi- 
ly by recognition of their character and scope in original design procedures 
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Bar Steel 


B-1113 Bar Brass SAE 72 


Materials 235 1b @ 0.41/lb=$96.50 656 Ib © 0.076/lb=$49.90 720 Ib @ 0.3385/lb = $244.00 


...170 Ib @ 0,05/Ib= $8.50 


Turnings . 
Net material cost per M pcs. . = $88.00 


Method A 


520 Ib @ 0.175/Ib= 91.00 
= $153.00 


Turret Lathe 


22 hr 
4hr 
$25.00 approx. 


Single-spindle automatic* 


.. 1000 te 2500 pes 250 to 5000 pcs 
55 hr 
4hr 5 hr 
$45.00 approx. 


$75.00 approx. 


1000 to 10,000 pes 
11 he 

4hr 

$45.00 approx. 


Six-spindle automatict 


2500 pcs and up 5000 pcs and over 
7 hr 


Setup time 16 her 16 hr 
$125.00 approx. 


Tooling cost $150.00 approx. 


brought about a reduction in cost of $3.37 per piece. 

With the foregoing parts, design changes required 
are insignificant but instances are equally numerous 
wherein considerable difference in design is necessary. 
One such is shown in Fig. 3. Here the functional end 
use is identical, but utterly different basic processing 
is employed to obtain the major decrease in cost with 
identical or improved strength. 

With the part designed as originally shown in Fig. 
3a, cost is established within rather firm limits. Quan- 
tity required usually indicates the process by which 
such a design can be most economically produced; in 
this case, 200,000 per year were produced on the screw 
machine. With large quantities, multiple-spindle ma- 
chines can be used effectively but on quantities under 
10,000 pieces a single-spindle machine might be the 
necessary choice for production. If quantity dropped 
under 1000 parts, a turret lathe might be the best 
means for turning. However, because quantity falls 
in the high-output bracket, processing by means of 
such high-speed methods as heading and thread 
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10,000 pcs and over 
2.7 hr 

16 hr 

$75.00 approx. 


rolling offer extremely attractive possibilities. 


Effects of Quantity: The influence of quantity on 
selection possibilities is an important consideration in 
design for economy. The case shown in Fig. 4 gives 
some indication of how quantity would influence the 
method of machining a part. Because of tooling and 
setup costs as well as overhead, quantity is important 
in determining the most suitable method. Use of 
high-output machines such as multiple-spindle screw 
machines also involves the factor of efficiency. It of- 
ten requires a day or two of production for such 4 
machine to “settle down” and for an operator to get 
all the tools adjusted properly and become accus- 
tomed to particular machining characteristics of the 
job. 

Another factor is apparent from the data in Fig. 4. 
This is the important effect of materials selection. 
Machinability of the particular material utilized is im- 
portant in its effect on both quantity and method. 

Except for intermediate areas, quantity require- 
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Fig. 6—Additional cost for magnesium casting A 
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Since the finished hole requires sasdlaling the design 
as at B with draft in the hole offers a saving 
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Fig. 7—To produce a design with a tangent radius, a 
concave cutter usually will create a nick on one or both 
sides of the piece as shown at a. The nontangent design 
shown at 6 offers considerable production economy 
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Good Poor 

Nominal Dim.W 0.873 0.875 
Nominal Dim. X 0.875 0.877 
Nominal Dim. Y 0.239 0.250 
Nominal Dim.Z 0.250 0.261 
Fig. 8—Good and poor design of fitted 
- such as these it hemeied by the need 


or special cutters which incur added costs 
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Design 4 Cost 
£= 3.00+ 0.040 $0.1! 
D= 50+ 0.003 

Design 8 
L= 3.0040.010 
O- 495+0.005 

Design C 
L£= 3.00+0.01I0 $034 
D= 49501 0.0005 


Increase 


$0.24 118% 


200% 


Fig. 9—Tolerances have a pro- 
found effect on costs. Design 
A permits use of stock as 
drawn, B requires turning and 
C necessitates finish grinding 
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Fig. 10—Cost relationship of 
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Fig. 13—Straddle and face 
milling costs plotted against 
tolerance requirements 





, 


Cost (dollars) 





8 


w 


(stl) form mill 7" 


SB8nene Seegeouaae 


(stl) slot mill 7 


(al. al) form mill 


wD 
oo 


- 


BBE 


al.al.) slot mill 7° 


ois O12 O10 008 006 004 002 000 
Total Tolerance (in.) © 
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ments are generally good indicators of suitable pro- 
duction methods. In these intermediate areas, all 
factors must be weighed carefully to assure clear-cut 
indication of where “breakeven” points occur. For 
instance, where stamping operations are concerned 
the range of possibilities runs from machine-cut, 
through short-run to full production stamping on 
high-speed automatic presses. The charts shown in 
Fig. 5 indicate an area from 100 to 10,000 pieces in 
which this occurs. As quantity increases from the 
category of machine-cut to fully automatic produc- 
tion, tool and setup costs increase rapidly but labor 
costs decrease. Tool costs are easily amortized over 
a large number of parts and labor costs per part be- 
come negligible. 


Design Details: Specification of minor design details 
on drawings is also critical regarding possible proc- 
esses and suitability of parts for an indicated process. 
Specification of certain details may render a part dif- 
ficult to produce by the most economical method or 
require manufacture by a method less than ideal. 

Small variations in design requirements often may 
be overlooked. For instance, the choice of a parting 
line for the part in Fig. 6—as dictated by whether or 
not allowance for draft could be permitted in the cen- 
ter hole—results in considerable cost difference owing 
to the method of coring. 

Another small but recurrent case concerns machin- 
ing. Where radii are designed to be tangent to adja- 
cent surfaces, cutters used will most often fail to 
match perfectly and scrap or rework incurred is ex- 
pensive, especially with critical stressed parts. This 
condition is illustrated at a in Fig. 7 and a preferred 
solution is shown at b, with the tangent or matching 
condition eliminated. Machining as shown at Fig. Ta 
costs three to four times that for one as detailed at b. 

Dimensions as specified often necessitate special 
tools which incur added costs. The case shown in Fig. 
8 shows two types of accurate, mating parts with di- 
mensions designated as good and bad. While little if 
any difference in manufacturing time would be evi- 
denced in either instance, the special tools required 
must be considered. With the hole at a, Fig. 8, a spe- 
cial reamer, costing about $25.00, was necessary to 
hold the 0.877-inch diameter. For the slotting opera- 
tion at b, to produce the 0.261-inch width, a special 
milling cutter costing about $50.00 was needed. 


Tolerances: Among the effects of design specifica- 
tions on costs, those of tolerances are perhaps most 
significant. Tolerances jn design influence the produci- 
bility of the end product in many ways, from necessi- 
tating additional steps in processing to rendering a 
part completely impractical to produce economically. 
In range, tolerances may cover dimensional variation, 
surface roughness range, allowable variation in such 
properties as heat treatment, endurance time of coat- 
ings against corrosion, etc. 

DIMENSIONAL LIMITS: A simple example of how 
tolerances can increase cost is given in Fig. 9. Toler- 
ances on dimensions specified at values smaller than 
functional requirements actually necessitate, increase 
costs through additional machine time, checking and 
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gaging time, rejections, etc. In Fig. 9, Design A can 
be made from bar stock by sawing to length but tol- 
erances for Design B are too close for sawing. To 
hold the tolerances on Design B, turning is required 
and for Design C grinding is necessary at an increase 
of 200 per cent over A. 

In the same manner holes are affected by specifica- 
tions. The cost data in Fig. 10 were found from an 
actual study made to determine the relative effects of 
tightening hole tolerances. Some 120 holes were used 
in determining the cost factors and these data do not 
include the additional costs of extra tooling, gages, 
etc., necessary. 

Again, drilling to close tolerances is more costly in 
hard materials, materials with inclusions or hard 
spots, and in thin materials under %-inch in thick- 
ness. Holes over 1-inch in diameter or four times di- 
ameter in depth are difficult to hold to close toler- 
ances and costs increase rapidly if extreme precision 
is demanded. Fig. 11 shows the comparative costs of 
holes with varying degrees of refinement. The solid 
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Fig. 15—Plot of tolerance versus cost 
for profile and pocket-milled parts 
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Some idea of costs relative to turning can be gained remove taper. With face milling some heat warpage 
from the curves of Fig. 12. Long parts of relatively can result with the necessity of additional slow light 
small diameter subject to deflection jn turning are gen- “skin” cuts to achieve accuracy desired. With slot- 
erally difficult to produce. Recesses requiring long or ting and forming cuts, the basic form tolerance is 
unsupported tools are also difficult to machine to close ground into the tool. Close tolerances, however, can 
tolerances. Tapers, contours, large radii, and related result in short cutter life between grinds with greatly 
areas too wide for single form tools require special increased maintenance and tool costs. Fig. 14 gives a 
machines or tools to achieve fine limits. comparative cost evaluation. Excessively close toler- 

Straddle and face milling costs are illustrated in ances on slotting can necessitate a minimum of three 
Fig. 13. Straddle milling with heavy cuts or hard ma- passes—one rough and two finish—to hold size. Pro- 
terials may cause cutter deflection on entry and exit of filing and pocket milling costs are given in Fig. 15. 
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Here, tolerances are greatly limited by tendency of 
the cutter to spring from the work. Numerous passes 
and light cuts are necessary for close limits and on 
enclosed surfaces smooth blending of surfaces is dif- 
ficult when the direction of cut changes. 


Surface Roughness Limits: Finish demands impose 
severe cost problems. As surfaces are refined, tool 
costs rise. Cutting tools used to produce a 250 rms 
surface roughness will last twice as long in production, 
before sharpening, as those required for a 100 rms 
finish. Those for 100 rms roughness will last three 
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Fig. 20—Some typical surface roughness values 
specified for precision machine part surfaces 
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times as long as tools needed to hold a 40 rms finish. 
Below a 40 rms surface it is generally necessary to 
move work from general machines to precision equip- 
ment incurring greater costs. In addition, finer fin- 
ishes add to total costs owing to increased inspection 
time, special handling and susceptibility to damage. 
A general picture of comparative costs for internal 
cylindrical holes is given in Fig. 16. To hold costs 
to a minimum it is suggested that finish on internal 
cylindrical surfaces to be held to the following limits: 


A, ..........To 250 rms minimum 
ee: ks oa ...........To 100 rms minimum 
Bore . ......To 40 rms minimum 


The sharp upward break at 40 rms in Fig. 16 reflects 
the addition of grinding to attain finishes below this 
value. 

Similar specification of widest possible limits on fin- 
ish of external cylindrical surfaces, as well as on 
milled and profiled surfaces, is desirable. In Fig. 17 
are plotted some cost figures on examples of turned 
and ground surfaces. Fig. 18 shows cost values for 
surface finish on shapes such as shown in Fig. 13. 
Here again, lowest cost is obtained by use of roughest 
suitable surface condition. Examples plotted in Fig. 
19, similar to those of Fig. 15, cover end-milled and 
profiled surfaces as obtained without special attertion. 

Specific surface roughness values to be used on pre- 
cision machinery components can often pose a prob- 
lem. Without actual test or trial run, the allowable 
roughness may be difficult to establish. However, to 
assist in determining or evaluating suitable roughness 
values the data in Fig. 20 have been compiled. These 
values are typical of the roughnesses used on some 
precision machine elements and will permit evaluation 
of finishes normally obtainable from production proc- 
esses for any particular application. 


Conclusion: Although the complete evolution of de- 
sign costs is a considerably more involved problem 
than may have been indicated in this article, it is 
hoped that the tremendous importance of serious con- 
sideration of this area has been emphasized. Effort 
and capital expenditure in streamlining production 
processes, simplifying steps in manufacture and speed- 
ing materials handling can be saved completely or re- 
duced greatly by the elimination of all possible un- 
necessary operations. The key to low costs is in the 
designer’s hand. Adequate information as well as in- 
centive and programming by engineering manage- 
ment will produce unprecedented results. 

Collaboration of the following organizations in sup- 
plying substantiating data for this article is acknowledged 
with much appreciation: 

Austenal Laboratories Inc. (Fig. 1), ee ..Chicago, Tl. 
Consolidated-Vultee Aircraft Corp. (Figs. 11, 12, 13, 

14, 15, 16, 17, 18, and 19) ......... San Diego, Calif. 

General Electric Co. (Fig. 3) ........Schenectady, N. Y. 


Laminated Shim Co., Stampings Div. (Fig. 5)..... 

EE ie cen dG Oe lo die Sas pean Glenbrook, Conn. 
Northrop Aircraft Inc. (Figs. 2, 6, 7, 8, 9, and 10) 
Hawthorne, Calif. 





119 



































120 


CANNING the field 





"Torstonar LOCKING of splined 
connections eliminates the need for 
set screws and provides secure reten- 
tion of parts with automatic backlash 
takeup. The Twist-Lok arbor, devel- 
oped by N. A. Woodworth Co., em- 
ploys two spline surfaces, out of 
alignment with each other and con- 
nected by resilient steel reeds, to 
achieve rapid, precision chucking of 
internal spined parts. A twisting force 
applied to one end of the arbor aligns 
the spline teeth and permits assem- 
bling of parts. Torsional spring action 
of the reeds when the twisting force 
is removed locks the parts securely 
in. place. Equalized distribution of 
locking force among spline teeth as- 
sures accurate, concentric alignment 
and eliminates side play and end 
thrust. Operation of the arbor for 
loading and unloading may be manual 
or powered. 
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D UAL POWER DRIVE developed by U. S. Electrical Motors Inc., combines 


two motor performance in a single mounted unit. 


Output speeds of 1750 


and 100 rpm, as well as other special combinations in ratios up to 100/1, are 
provided by a packaged design which utilizes a horizontal motor and foot- 
less right-angle gearmotor connected through an overrunning clutch. Low- 
speed operation is provided by the gearmotor which drives through the hori- 
zontal motor with the overrunning clutch 
engaged. For high speeds, the horizontal 


motor is energized and overruns the gear- 
motor. Designed primarily to meet two- 
speed cycle requirements in applications 
such as dry cleaning machinery, the unit is 
silent in operation and offers simplified in- 
stallation through one mounting base. 


N ONVARYING BRUSH PRESSURE LOADING 
for electric motors improves commutation and ob- 
viates resetting to compensate for brush wear. In 
the assembly developed by Hunter Spring Co., an 
extension neg’ator spring fastened to a backup plate, 
which snaps in and out of position without tools, acts 
as the brush pressure element and provides a con- 
stant force on the brush regardless of the extent of 
wear. Arcing between brush and commutator is min- 
imized and the smaller number of parts required as 
compared to conventional designs reduces crowding 
between mounted sets. 


claimed. Position of the 
packing rings is main- 
tained by a series of brass 
spacers and a compression 
spring, eliminating the wt 
need for grooves and other re 
surface discontinuities : 
usually employed. Design 

of the spacers permits free 

air flow through the valve 
during operation. 
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F LOATING PACKINGS, pressure-actuated to provide more effective sealing, 
simplify assembly and maintenance problems in pneumatic valves. Developed by 
Valvair Corp., special U-shaped rubber packing rings are utilized to seal the 
sliding stem in a neutral valve designed for controlling air cylinders at pres- 
sures up to 300 psi. Maintenance-free operation for over 20 million cycles is 
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Minmum FRICTION in the rota- 
tion of heavy bed plates or machine 
tables for positioning or indexing 
operations is achieved with a unique 
hydrostatic bearing employing com- 
pressed air. In a design developed by 
Solar Aircraft Co. for a drill jig index 
table, air at 90 psi is supplied through 
a tube manifold and manual control 
valve arrangement to “float” the ro- 
tating plate approximately 0.005-inch 
above its fixed base, facilitating 
manual indexing and reducing wear 
of the contact surfaces. Side air leak- 
age, which reduces the effective lift- 
ing pressure, is counteracted by using 
as-machined contact surfaces — the 
slight surface irregularities act to dis- 
tribute and retain the air pressure, 
providing a pressure differential ad- 
equate for lifting action. Chip pro- 
tection, a necessity for air bearings, 
is provided by felt wipers employed 
to seal the joint formed at the plate 
and its base. Cost of the air bearing is 
less than conventional thrust bearings, 
particularly where large or heavy jigs 
are being used. 
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Trrecuar MOTION for 
lapping-in valve seats is pro- 
duced mechanically in a ma- 
chine designed by W. Beer, 
Wiesbaden, Germany. A uni- 
que cam and linkage arrange- 
ment transmits the rotary 
motion of a horizontal splined 
shaft to a lapping tool, sleeve 
mounted on a vertical shaft, 
to duplicate hand operations 
usually employed. Reciprocat- 
ed by a drum cam, the driven 
horizontal shaft carries two 
spring-loaded disks which al- 
ternately engage a disk on 
the vertical shaft, oscillating 
the shaft about a_ vertical 
axis. Simultaneously, a plate 
cam on the horizontal shaft 
actuates a pushrod and 
lever to reciprocate the tool 
sleeve in a vertical plane. Re- 
sult of the combined motion 
is a swinging tool movement 
of varying arc coupled with 
a small lifting action. 
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Setscrew BEARING PRE- 
LOADING facilitates worm adjust- 
ment and simplifies assembly of 
the Hydraguide power steering 
unit. Developed by Gemmer Mfg. 
Co., the design employs a socket 
setscrew, Elastic Stop Nut and 
circular pressure plate, replacing 
a conventional assembly using 
shims. In the new design, accurate 
preloading of the tapered roller 
bearings is accomplished by ad- 
justing the setscrew through a 
threaded hole in the bolted end- 
plate, obviating the necessity for 
disassembly previously required. 
Retention of adjustment is assured 
by the locking action of the nut 
which also serves to seal the thread 
against loss of oil. Although 
actually increasing the number of 
parts required, the new design has 
resulted in appreciable ultimate 
gains through improved production 
and service. 























Elastic stop nut 


Drum com 



















































































EE 





Fig.. 1 — Asymmetrical impact 
extrusion for producing two 
aircraft shear tie fittings 


By L. M. Christensen 


Forging Design Engineer 
Producibility Engineering Section 
Northrop Aircraft Corp. 
Hawthorne, Calif. 


PRESS-EXTRUDED FORGINGS 


Unusual new possibilities are offered the cost 
conscious designer by a new process for 
producing precision forgings without draft 





AN-SHAPED forms of impact extrusions with 
rectangular or tubular peripheries are familiar 
to most designers. Despite the simple appear- 

ance, it took a long period of time and considerable 
experimental work to evolve successful manufacture 
of such parts on a production basis in the harder 
aluminum alloys suitable for machine components. 
Today, complex impacts with tapered inside diameters 
and cap flanges are finding wide application in de- 
sign. 

The early conception of impact extrusions was 
that the parts had to be of a symmetrical nature. 
Northrop Aircraft’s first venture into asymmetrical 
shapes was the part shown in Fig. 1, of relatively 
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soft 52S aluminum alloy, which not only had irregu- 
lar sides but had varying wall thickness. Applica- 
tion was such that obtuse and acute angles were 
required for typical shear tie fittings, and by the 
common concept of making a multiple number of 
fittings into a cup, the peculiar geometry indicated 
by the top section was evolved. 

After the war, use of harder alloys—from 14S 
through 75S—for the simpler shapes was accom- 
plished with considerable research and difficulty. 
Lubrication of dies was a big problem and directly 
and indirectly attributed to various troubles such 
as having the part squeeze up like an accordion 
when an attempt was made to extract it from the 
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Fig. 2—Left—Heavy-wall aileron nose 
rib produced by impact extrusion 


punch. With the development of hard alloy can- 
shaped parts, impact extrusion usage by the air- 
frame designer increased greatly owing to close tol- 
erances available complemented by high-quality sur- 
faces and elimination of draft angles. Draft angle 
on conventional forgings is more often than not a 
nuisance and, consequently, straight-sided impacts 
are valuable in both weight reduction and tooling 
simplification. 


Early Developments: Not long after World War 
II, one of the leading forging companies took a for- 
ward step along the lines of improving and extend- 
ing impact-extrusion techniques by the design and 


MACHINE DESIGN—July 1953 


Fig. 3—Left — Complex aileron 

nose rib as produced by conven- 

tional forging methods from 
14ST aluminum alloy 


Fig. 4—Below—Aileron nose rib 

design produced as a press ex- 

truded forging. Side walls have 
no draft 


fabrication of the part shown in Fig. 2, an aileron 
nose rib formerly drawn to shape. Due to loads im- 
posed, metal thickness was necessarily increased to 
the point where it could no longer be formed from 
sheet metal and, to avoid machining a conventional 
forging on both the inside and the outside surfaces, 
it was decided to fabricate this and five other similar 
designs as impact extrusions. Resulting parts suited 
the application admirably by completely eliminating 
all Hydrotel machining operations and reducing the 
conventional machining operations to a minimum. 
Accuracy of contours was brought to plus or minus 
0.015-inch and, in addition, the quality of the mating 
surfaces was equivalent to 100 rms with no apprecia- 
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required for typical shear tie fittings, and by the 
common concept of making a multiple number of 
fittings into a cup, the peculiar geometry indicated 
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ble die drag marks or scoring. 

One part proved particularly troublesome. Forging 
with a conventional channel type design having a 5 
degree draft angle was attempted with a subsequent 
ironing operation to eliminate the objectionable draft 
angle. This experiment, however, proved unsuccess- 
ful, and this one of the six designs had to be aban- 
doned in favor of a conventional forging. Despite 
successful use of the other five designs in production, 
fabrication troubles occurred in manufacture and 
though some progress was made it was not of a sen- 
sational nature. 


Extrusion Forging: In pursuing this problem fur- 
ther, contact was made with Prex Forgings Corp. 
who had, by a new method of extrusion forging, 
made some parts which looked very promising. This 
method of manufacture is predicated on forming 
metal in a hydraulic press, with apparently no draft 
angle, in a manner somewhat similar to extrusion 
and is termed by Prex as “press extruded forging.” 

Following consultation a detailed anct ctuduv nf 


the latest aileron nose rib was made to show the 
comparative figures for the part as machined from 
a billet or from a conventional forging, and as a 
press-extruded forging. In Fig. 3 is shown the con- 
ventional forging from which the part was being 
processed while Fig. 4 shows the product as Prex 
proposed to make it. The thin flanges, without draft 
angle, and the close tolerances of the press-extruded 
forging eliminated virtually all machining. The chart 
of Fig. 5 shows comparative costs of the three meth- 
ods. It is interesting to note that the press extruded 
form costs less than either the machined billet or 
regular forging at considerably less than 100 parts. 
On the basis of this cost study, an order was placed 
with Prex for development and fabrication of pro- 
duction quantities by the press-extruded method. 
After completion of the dies a certain amount of 
further work was necessary since this part was con- 
siderably more difficult than any tried before. How- 
ever, sample parts were completed on schedule, and 
after some additional refinements, first production 
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punch. With the development of hard alloy can- 
shaped parts, impact extrusion usage by the air- 
frame designer increased greatly owing to close tol- 
erances available complemented by high-quality sur- 
faces and elimination of draft angles. Draft angle 
on conventional forgings is more often than not a 
nuisance and, consequently, straight-sided impacts 
are valuable in both weight reduction and tooling 
simplification. 


Early Developments: Not long after World War 
II, one of the leading forging companies took a for- 
ward step along the lines of improving and extend- 
ing impact-extrusion techniques by the design and 








fabrication of the part shown in Fig. 2, an aileron 
nose rib formerly drawn to shape. Due to loads im- 
posed, metal thickness was necessarily increased to 
the point where it could no longer be formed from 
sheet metal and, to avoid machining a conventional 
forging on both the inside and the outside surfaces, 
it was decided to fabricate this and five other similar 
designs as impact extrusions. Resulting parts suited 
the application admirakly by completely eliminating 
all Hydrotel machining operations and reducing the 
conventional machining operations to a minimum. 
Accuracy of contours was brought to plus or minus 
0.015-inch and, in addition, the quality of the mating 
surfaces was equivalent to 100 rms with no apprecia- 
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to the point where several hundred acceptable parts 


have been made. 





Table 1—Physical Properties of Press Extruded 
Forgings 





Forging Specimen Yield Strength Tensile Strength 


Elong. 


Hardness 





No. No. (psi, 0.2% offset) (psi) (% in 2”) (Rock. B) 
1 1 61,670 65,520 3.0 81-81 
1 2 59,590 65,670 7.5* 79-80 
1 3 62,500 69,240 10.0 81-81 
1 4 60,810 67,340 7.0 80-80 
1 5 61,780 68,530 7.0 80-81 
1 6 57,970 66,370 7.0 79-81 
1 7 59,460 66,370 7.0* 80-81 
1 8 57,890 66,470 9.0 77-78 
2 1 61,660 67,770 5.0 80-81 
2 2 60,450 68,990 8.0* 80-82 
2 3 61,710 69,030 8.0 80-82 
2 4 61,860 68,730 7.0 81-81 
2 5 63,580 69,940 8.0 81-82 
2 6 61,110 68,160 7.0 81-81 
2 7 60,030 67,420 7.0* 80-81 
2 8 60,590 67,760 9.0 81-81 





* Denotes 1-inch gage length. 


Note: AMS-4135G minimum requirements per paragraphs 5.1.1.1 and 


5.1.1.2 are as follows: 
Tensile Strength 





Vield Streneth 
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From the first production shipment, two parts 
were chosen at random and subjected to a detailed 
physical and metallographic evaluation. Physical 
test specimens and metallographic specimens were 
cut from the parts as shown by Fig. 6. Particular 
interest was placed in obtaining specimens from areas 
which were known to be troublesome during the de- 
velopment of the forging techniques. From each part, 
a total of eight physical test specimens and four 
metallographic samples were tested with the re- 
sults as shown in TABLE 1. These results were con- 
sidered to be more than satisfactory since all portions 
of the part exceeded minimum specification proper- 
ties as called for in the 14ST Forging Specification 
No. AMS4135. 

Grain flow studies indicated excellent metal flow 
control with a resulting grain direction that was 
oriented in a most efficient manner. Upon viewing 
these grain flow studies, the inefficiency of machin- 
ing away good grain flow characteristics is readily 
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Fig. 5 — Chart showing plot of comparative cumulative costs 
for the aileron nose rib as produced by three methods. Cross- 
over points are: methods 2 and 3, after 66th part; methods 1 
and 2, after 69th part; methods 1 and 3, after 68th part 
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Table 1—Physical Properties of Press Extruded 


Forgings 








Forging Specimen Yield Strength Tensile Strength Elong. Hardness 
No. No. (psi, 0.2% offset) (psi) (% in 2”) (Rock. B) 
1 1 61,670 65,520 3.0 81-81 
1 2 59,590 65,670 7.5° 79-80 
1 3 62,500 69,240 10.0 81-81 
1 4 60,810 67,340 7.0 80-80 
1 5 61,780 68,530 7.0 80-81 
1 6 57,970 66,370 7.0 79-81 
1 7 59,460 66,370 7.0* 80-81 
1 s 57,890 66,470 9.0 77-78 
2 1 61,660 67,770 5.0 80-81 
2 2 60,450 68,990 8.0* 80-82 
2 3 61,710 69,030 8.0 80-82 
2 4 61,860 68,730 7.0 81-81 
2 5 63,580 69,940 8.0 81-82 
2 6 61,110 68,160 7.0 81-81 
2 7 60,030 67,420 7.0* 80-81 
2 8 60,590 67,760 9.0 81-81 





* Denotes 1-inch gage length. 


Note: AMS-4135G minimum requirements per paragraphs 5.1.1.1 and 


5.1.1.2 are as follows: 


Tensile Strength Yield Strength 


(psi) (psi, 0.2% offset) 
65,000 55,000 
62,000 52,000 


Elong. 
(% in 2”) 


7.0 Longitudinalt 
3.0 Transverse 


t Minimum percentage of elongation requirement when test 
specimens are taken from forgings that are le:s than four (4) 
inches in thickness, 
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to the point where several hundred acceptable parts 
have been made. 

From the first production shipment, two parts 
were chosen at random and subjected to a detailed 
physical and metallographic evaluation. Physical 
test specimens and metallographic specimens were 
cut from the parts as shown by Fig. 6. Particular 
interest was placed in obtaining specimens from areas 
which were known to be troublesome during the de- 
velopment of the forging techniques. From each part, 
a total of eight physical test specimens and four 
metallographic samples were tested with the re- 
sults as shown in TABLE 1. These results were con- 
sidered to be more than satisfactory since all portions 
of the part exceeded minimum specification proper- 
ties as called for in the 14ST Forging Specification 
No. AMS4135. 

Grain flow studies indicated excellent metal flow 
control with a resulting grain direction that was 
oriented in a most efficient manner. Upon viewing 
these grain flow studies, the inefficiency of machin- 
ing away good grain flow characteristics is readily 
apparent. As a result of experience to date, it seems 
relatively reasonable to predict that eventually, per- 
haps in the near future, it will not be impact ex- 
trusions versus forgings, but essentially a combina- 
tion of the two—in a process exemplified by the ailer- 
on nose rib—that will be utilized for a very sizeable 
portion of present forgings. 


Fig. 6—Diagrammatic sketch showing location of numerical 
tensile coupons and microscopic alphabetical 


specimens 






































Fig. 1—Isochromatic photograph of a Marblette 


perforated 


rotating disk, obtained by the 


“creeping” method. The disk was driven at 
5300 rpm for 19 hours at room temperature 


HE turbo-jet engine is responsible for a renewed 
and more widespread interest in the problem of 
the distribution of stresses in bodies rotating at 
high speed. Several experimental attacks on this prob- 
lem have been made in the past but the techniques 
have been difficult and subject to certain limitations. 
One of the early attempts was the determination by 
Frost and Whitcomb! of the stresses in grinding 
wheels. Their method of attack was a photoelastic 
one using celluloid models and stroboscopic illumina- 
tion. The results were good but the method was re- 
stricted by its nature to the examination of plane 
stress distributions. 
Although the stresses produced in rotating disks are 
a result of continuous motion, the distribution is sta- 
tionary with respect to the disk. The well-known 
three-dimensional photoelastic method of the “frozen” 
stress pattern introduced to this country by Hetenyi? 
may, therefore, be used. In this technique the model 
is loaded (in this case the disk is rotated) and sub- 
jected to a temperature in excess of its annealing tem- 
perature, around 200 to 250 F for most materials. 
The model is allowed to remain under load while the 
temperature is reduced to ambient at the rate of a 
few degrees per hour. After room temperature is 
reached, the load is removed and the model is found 
to contain an isochromatic pattern which corresponds 
to the elastic stress distribution in the loaded model. 
This isochromatic pattern is so firmly frozen into the 
material that the model may be sawed into thin slices 
without disturbing it. These slices may then be ex- 
amined in the polariscope to determine the stress dis- 
tribution in various parts of the body. 


1. References are tabulated at end of article. 
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The method is quite satisfactory and has been ap- 
plied more recently by Bernhart, Hale and Meriam.* 
Its chief disadvantage is the requirement of an elab- 
orately controlled oven. 


Since the introduction of the wire-resistance strain 
gage, there has been a tendency to use these gages 
almost to the exclusion of all other methods. This is 
natural perhaps, since their underlying theory is rela- 
tively simple (even though their application may not 
be) and many engineers tend inherently to place 
greater trust in data obtained from metal prototypes 
than in similar information resulting from the use of 
plastic models. In the case of the rotating disk the 
practical difficulties in the use of wire-resistance gages 
are great and are centered primarily on the need for 
high-speed slip rings to bring the data from the gages 
to the recording instruments. Other disadvantages 
lie in the fact that three separate gages are necessary 
to obtain complete information about the stress at a 
single point. 

This article deals with the application in a novel 
manner of two otherwise well-known methods to the 
problem of the rotating disk. These methods are the 
“creep-freezing” technique and the use of brittle coat- 
ing in conjunction with stepwise load application and 
plastic models. 


Creep Freezing: In a previous paper‘ the authors 
described the “creep freezing” technique. Essentially 
the method employs a relatively long-time loading at 
ambient temperature to produce a “frozen” pattern 
identical in every respect to that resulting from the 
use of an oven. The mechanism of the formation of 
the creep pattern is easily understood with reference 
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to the usual spring and dashpot analogy for hardening 
resins. This analogy which is fully explained by 
Hetenyi? likens the behavior of the plastic to that of 
a spring and dashpot in parallel. 

When a load is applied, it is initially supported pri- 


Fig. 2—Marblette solid disk used for cali- 
bration. The curve represents the theoreti- 
cal shear distribution on a radius, and the 
dots represent the photoelastic results 
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Fig. 3—Light field 
detail of the Mar- 
blette “crept in” iso- 
chromatic 


patter: n 





marily by the dashpot, but as time passes the spring 
gradually takes over as the dashpot yields. At a suf- 
ficiently high temperature, the effective viscosity of 
the dashpot may be reduced to a point where the 
spring takes the full load at once. Then when the 
temperature is reduced slowly, the viscosity is again 
increased until the spring is, in effect, locked in the 
extended position. In creep freezing, a plastic is se- 
lected in which the “viscosity” of the dashpot at am- 
bient temperatures is low enough for the spring to 
take over an appreciable part of the load within a 
reasonable period of time, say ten to twenty hours. 
Of course, the spring begins to relax as soon as the 
load is removed but the rate of recovery is so slow 
that the model may be sliced and photographs ob- 
tained before the pattern becomes distorted. 

The usual plastics employed in the creep-freezing 
method are phenolformaldehyde casting resins typi- 
fied by Bakelite 48-306, Catalin, general purpose trans- 
parent and Marblette. All of these plastics have been 
tested in the authors’ laboratory and it has been dem- 
onstrated that the frozen pattern corresponds to the 
elastic stress distribution within a reasonable experi- 
mental error. Marblette was used in the photoelastic 
tests to be described since the other two materials 
were not generally available at the time this article 
was written. 


Loading and Calibration: The geometry of the per- 
forated disk is shown in Fig. 1. Fig. 2 shows the 
solid disk, rotated simultaneously on the same shaft 
with the perforated disk for calibration purposes. 

The disks used are 0.25-inch thick and 9.90 inches 
in diameter. The diameter of the central circular hole 
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of the calibration disk is 0.88-inch. The driving torque 
is transmitted from the shaft to the calibration disk 
through two screws inserted into two small holes, one 
of which is shown in Fig. 2. The star-perforated disk 
is driven by two screws inserted at two diametrically 
opposite points inside the tips of the star. After these 
disks had been driven at 5300 rpm for a period of 19 
hours, they were taken out and studied in the diffused 
light polariscope. 


Photoelastic Test Results: The isochromatic patterns 
of the calibration disk and of the specimen are shown 
in Figs. 1,2 and 3. The formula for the inertia stress- 
es in a rotating disk with a central circular hole was 
used to compute the stresses at points along the di- 
ameter of the calibration disk, Fig. 2. The material 
fringe constant could then be calculated from 


Gg ~ GF 
2n 


where f = fringe constant, psi shear per inch of thick- 
ness; % = tangential stress, psi; o, = radial stress, 
psi; ¢ = thickness, inches; and n = number of fringes. 

An average value of f = 25 psi per inch of thick- 
ness was used in computing the theoretical curve of 
Fig. 2. The fringe order along an axis of symmetry 
through a branch of the perforation is plotted in Fig. 
4. With the average fringe value of 25 psi in the 
formula given, %» at the end of the perforation may be 
computed to be 2000 psi, since «, must vanish at the 
free boundary. The principal stresses within the field 
could be computed by any one of several methods if 


f= 


130 


desired. Most of these methods would require addi- 
tional information which could be obtained in the 
polariscope or by independent means. 


Brittle Coating Test: The geometry of the second 
perforated disk is shown in Fig. 5. The model was 
made of Catalin, and Stresscoat was used to determine 
the isostatics and the larger principal stress. The cal- 
ibration disk and the specimen were rotated side by 
side to a certain speed and stopped for inspection of 
cracks. They were then rotated at a higher speed and 
stopped again for inspection of cracks. The crack 
pattern and the isoentatics (loci of cracks ends) of 
the calibration disk and the specimen are shown in 
Figs. 6 and 7. Through the known stress distribu- 
tion in the calibration disk, the strain sensitivity of 
the particular coating used is computed. The larger 
principal stress along a radius passing through the 
tip is computed from the location of the isoentatics 
and plotted in Fig. 8. The tangential stresses in the 
specimen used in the Stresscoat test are considerably 
lower than those in the specimen used in the photo- 
elastic test because of relief due to the presence of 
four additional holes. The photographs shown in 
Figs. 6 and 7 were taken by using transmitted light 
through the specimen and holding the photographic 
film against the coating. 


Conclusions: For the sake of simplicity in the tests, 
plane models were used. However either of the meth- 
ods could be applied to three-dimensional models, that 
is, those varying in thickness. In this case it would 
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ROTATING PARTS 


be necessary to slice the photoelastic model to obtain 
an accurate picture of the stress distribution. Even 
though the axial stresses were not expected to be of 
great magnitude, it is probable that the other two 
principal stresses would not remain in an axial cross- 
sectional plane. Moreover, this rotation would influ- 
ence the final integrated effect if the complete model 
were viewed in the polariscope. 

The brittle-coating test, on the other hand, would 
be conducted in exactly the same manner regardless 
of the shape of the model. The only question which 
must be decided is whether the metal prototype should 
be used with the difficulties inherent in building up 
and braking down to the high speeds required to pro- 
duce appreciable strain, or whether a plastic model 
should be manufactured for testing at much lower 
speeds. 

As might be expected, the photoelastic technique 
allows a more precise and more complete analysis 
than does the brittle coating. However, the coating 
test may be run very rapidly and will yield informa- 
tion on the surface stresses which in most cases are 
the important ones. 
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HE ENTIRE front tractor frame and 

integrally bolted dozer attachment are 
supported by twin hydraulic cylinders on 2a. 
new bulldozer, eliminating the conventional 
pushbeam. Designed by the Baker Mfg. 
Co., after development of a smaller pilot 
model last year, the new 15X bulldozer is 
mounted on a modified Allis-Chalmers 109- 
horsepower crawler-tractor. This simpli- 
fied design has permitted a reduction in 
dozer blade weight to 5366 pounds, almost 
1400 pounds less than a conventional de- 
sign would weigh. 


The tractor main spring is removed, 
permitting the entire frame and dozer 
to be tilted to provide a blade bite of 
15% inches below ground, and a maxi- 
mum blade height above ground of 39%% 
inches. Stabilizer bars from the hy- 
draulic piston ends to the mold- 
board help absorb torsional 
strain and reduce horizontal 
forces on the tractor frame. With 
the new design, more of the 
tractor’s weight and engine 
horsepower can-be converted in- ; 
to positive down pressure. Four 
control positions — up, down, 


hold and float—are available. p 
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MPORARY DESIGN 


STURDY, compact design, with reduc- 

tion in machining and assembly oper- 
ations, is attained in the %4-inch Copper 
Line drills of Thor Power Tool Co. by die 
casting the handle and field case in one 
piece. Use of aluminum alloy diecastings 
for field and gear cases has reduced total 
weight to 234 pounds. 


A separate switch cover is mounted with only two 
screws; two locating lugs at the top of the switch 
cover hold the cover tight to the field case without 
additional screws. Extra handle strength is provided 
by the channel shape and the reinforcement provided 
by screw bosses inside the handle. A die-cast hole 
in the bottom of the switch-cover holds a cable clamp, 
which acts as both a cord sleeve and strain reliever. 
































Cool operation is aided by a baffle plate which di- 
rects the ventilating air over the motor to the centrif- 
ugal fan, which is a specially designed, large-volume 
type. One of the main attempts in the design has been 
to provide a good balance between radiated and con- 
ducted heat to prevent hot spots. An additional fea- 
ture of the design is the use of a trigger lockpin for 
continuous operation of the two-pole, momentary-con- 
tact switch. 
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Oil-Lift Bearing Supports Gear-Shaver Table 


| iementeme and external gears up to 15 feet in diameter and 65 inches 

wide can be handled on the new Michigan Tool Co. V-180 rotary gear 
shaver. A 36-inch diameter hole in the work table permits shaving gears 
with integral shafts. Dual cut- 
ting heads are used, independ- 
ently adjustable for correct 
angle, and the top head may be 
adjusted for height. 

Since the machine must sup- 
port a variety of gears weighing 
up to several tons apiece, the 
table has been designed with a 
hydrostatic oil-lift bearing, 
which supports approximately 90 
per cent of the table load. Proper 
bearing clearance is secured de- 
spite differing gear weights by 
varying oil pressure to match 
the load. Radial thrust is car- 
ried by a gravity-fed tapered 
bearing. This method of support 
makes accuracy of several ten- 
thousandths of an inch possible, 
even on large gears. 





































Removable plate 






Oil-lift bearing 









Tapered bearing 





Pressurized oil inlet 
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Pump Operates Without Seals or 


= COMBINATION rotor-impeller 

of Chempump Corp.’s new centrif- 
ugal pump is completely enclosed in 
a nonmagnetic alloy sheath, eliminat- 
ing all dynamic seals or stuffing 
boxes. The fluid being pumped circu- 
lates freely through the rotor cham- 
ber of the motor, which is isolated 
from stator windings. Radioactive, 
highly volatile, explosive, corrosive, 
toxic or other hazardous fluids can 
thus be handled safely. To prevent 
temperature buildup, a recirculation 
line feeds approximately 0.5 per cent 
of the total fluid pumped to the rear 
plug of the rotor chamber for heat 
dissipation. Graphitar bearings are 
used, so that no lubrication is re- 
quired. 


ONTEMPORARY DESIGN 


Stuffing Boxes 





Moisture Conditioner Dries or Humidifies Air 


A REFRIGERATING-type humidifier and a vapor- 

izing humidifier are both included in the new 
Admiral Moisture-Conditioner. As a dehumidifier, the 
unit removes up to 3 gallons of moisture every day; as 
a humidifier, it adds up to 2 gallons. The dehumidifier 
refrigeration system is of the capillary type, consisting 
of a Tecumseh 44-horsepower compressor, 8 feet of 
Wolverine Tru-Fin tubing formed into a three-turn coil, 
and a brazed aluminum tube-on-sheet evaporator 
plate. Freon-12 is the refrigerant. A separate propel- 





Control knob 


c 








ler fan, driven by a 1/80-horsepower motor, circulates 
the air. 


When the control knob is turned to the “humidify”’ 
position a 250-watt heater is lowered into a 3-gallon 
container of water by a cam on the control-knob 
shaft and associated linkage. A float attached to the 
heater allows the “live” section of the heater to be 
immersed approximately %-inch under the surface 
of the water. As a safety feature, an interlocking 
lever, which raises and lowers with movement of the 
heater element, prevents lowering of the heater unless 
the water container is in place, and also prevents 
removal of the polystyrene plastic pan until the unit 
is switched from the humidifying cycle. A mercury 
safety switch cuts off the heater when it reaches a 
point %-inch above the bottom of the container. The 
entire unit with its injection-molded plastic housing 
weighs 52 pounds, is less 
than 2 feet high, and is 
about 16 inches in diam- 











eter. 
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CONTEMPORARY DESIGN 


Air-Operated Tape Dispenser 


Delivers Metered Lengths 


A PREDETERMINED length of 

pressure-sensitive tape is de- 
livered by the model AF-92 dis- 
penser at the touch of a foot valve. 
Designed by Air Fixtures Inc., the 
unit handles tape rolls from %4 to 
l-inch wide; a larger unit is also 
available for tape to 2 inches wide. 
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Tape feed is through a 
set of rollers driven from 
a double-acting cylinder : 
through a rack and gear. An 
over-running clutch permits 
the rollers to stay in a neutral 
position as the rack is re- 
turned. Length of tape is con- 
trolled by a stroke adjustment 
screw which determines the 
starting point of each stroke. 
A speed control is also incor- 
porated in the foot valve for 
adjusting stroke speed. 
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LINKAGE 
DESIGN 


By Philip T. Nickson 


Radar and Communications Div. 
Raytheon Manufacturing Co. 
Waltham, Mass. 


N A PREVIOUS article! a systematic procedure 

for linkage layout was explained. The present 

article considers an actual linkage mechanism de- 
signed by this procedure, and shows some of the de- 
sign features of the device, which is illustrated in Fig. 
1. A method is described for making the mechanism 
adjustable, thereby greatly enhancing its practica- 
bility. For the most part the conventions of the pre- 
vious article are followed. 

This mechanism might simply be called an input- 
output device, which in this instance drives the plun- 
ger of a klystron tuning cavity. The klystron is used 
as the local oscillator in a radar set, and it is required 
that the frequency-displacement characteristics of the 
cavity be linear. In other words, considering the link- 
age input to be shaft rotation through a limited angle, 
the frequency output of the cavity must be in linear 
proportion to shaft travel. Also it is required that 
the mechanism be capable of tuning the cavity to any 


1. References are listed at end of article. 
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the rotation of the input shaft 
Harmonic transforme 
¥ r Slide 2.188 
a as Oa reeeeecgeenengennnnng a 
% 1352 3.135 
2.176 
input Slide 
shaft : ri ss 
-0.8636 
* 2.176 
Cavity ‘plunger 
travel 
.._ Eccentric 2500 Linkage 
(dither) input adder 
























Fig. 1—Above — Cavity-tuning mechanism 
used with a klystron es. man lication of 
overlay method in design o ges 


Fig. 2—Below—Arrangement of linkage for 
klystron cavity tuner. Frequency output of 
the cavity must be in linear proportion to 














A mechanism for giving a desired 
input-output relationship is derived 
by the overlay method. Applied here 
to a klystron tuning cavity mechanism, 
the technique is applicable to a wide 
variety of motion relationships. Means 
for providing adjustability are ex-— 
plained, and the mechanical details 

| eengaeneresele stems 8 | 








Table 1—Average Frequency-Displacement Char- 
acteristics of Eight Klystrons 


Output——_ Deviation 
dave d,,t € & 
1000 0.9550 0.0000 0.00 0.00 
1200 \ 0.8471 0.1365 3.65 3.43 
1400 . 0.7406 0.2598 5.98 6.00 
1600 \ 0.6417 0.3744 7.44 7.63 
1800 . 0.5450 0.4863 8.63 8.43 
2000 ' 0.4608 0.5838 8.38 8.47 
2200 , 0.3826 0.6744 7.44 7.75 
2400 . 0.3038 0.7656 6.56 6.48 
2600 .f 0.2341 0.8463 4.63 4.73 
2800 . 0.1660 0.9252 2.52 2.52 
3000 ° 0.1014 1.0000 0.00 0.00 





, 


—Input— 
f 





* Normalized value of f. Example: (1600 — 1000)/(3000 — 1000) — 


0.3. 
+ Normalized value of d. Example: (0.6417 — 0.9650)/(0.1014 — 0.9650) 


= 0.3744. 


| | x Dato bs 
TT” © Mechonized 


Fig. 3—Deviation of plunger displacement from 
linear relationship with frequency, average of eight 


klystrons. See last two columns of Table 1 


Fig. 4—Layout of unit linkage by overlay method. 
Rexdieped overlay on transparent sheet is made 
to coincide at each intersection with corresponding 
circular arcs 
d,=| 
f,70 o 


desired frequency and then oscillate or “dither” about 
this frequency. The dither motion is not required 
to be linearized. 

This tuning mechanism illustrates a simple and 
practical use of linkage techniques and clearly shows 
the advantages over a cam-driven device. As shown 
in Fig. 2, the mechanism consists simply of a harmonic 
transformer! and an eccentric, both of which drive a 
linkage adder. The harmonic transformer linearizes 
the motion, the eccentric providing a dither input. 
The adder output is linked directly to the klystron 
plunger. It is necessary that the dither shaft be re- 
turned to an initial zero position when the plunger is 
not being oscillated, otherwise the output of the har- 
monic transformer would not be synchronized with 
the plunger travel. A special braking system was 
devised to accomplish this requirement. 


Linkage Proportions: Frequency-displacement char- 
acteristics based on data from eight klystrons are 
given in TABLE 1. The averaged values are used in 
determining the linkage proportions. Frequency is 
denoted by f and plunger displacement by d. The 
“normalized” values are indicated by the subscript n. 
Deviation of d, from straight-line relation to f,, in 
per cent, is shown by «. In order to smooth out the 
data, the deviation is plotted in Fig. 3. Values read 
from this curve appear as « in TABLE 1. These 
smoothed values of the deviation are used in laying 
out the linkage. If the data are scattered, this smooth- 
ing procedure becomes important. 

The overlay method!:* is used in laying out the 
harmonic transformer. This method is graphical and 
starts from estimated values of all but two of the 


Slide 
location 


am 
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linkage parameters, which are related by the expres- 
sion: 





ec = rcos ¢ + [b? — (a — r sin ¢)?]"* (1) 
where c = output (slide) displacement, r = crank 
radius, @¢ = input (crank) position, a = vertical 


height of slide, and b = length of connecting link. 
The two parameters to be determined are a and the 
initial value of ¢. The layout is shown in Fig. 4. For 
convenience the crank radius is taken as unity. This 
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each proportioned off into ten divisions according 
to the deviation e’ or, more correctly, according 
to d’, (where d’, = f, + e’). The length of the 
longest line is equal to 10 inches. 


. Place the overlay over the traces of the radius b 


and position it so that all eleven points on some 
one line of the overlay intersect corresponding 
traces. This position then establishes the location 
of the slide output of the unit linkage. The two 





linkage is referred to as the “unit linkage.” 


The procedure of the overlay method is as follows: 


1. 





Fig. 5—Below—Nomenclature for linkage par- 


Assume a value of the ¢ range. For this applica- 
tion where the function is well behaved, i.e., 
where the deviation curve is smooth and fairly 
symmetrical, a value of 70 degrees is assumed. 
Experience has shown this to be a workable figure. 


. Lay out a sector with a radius of unity and an 


included angle of 70 degrees. The actual length of 
the radius on the layout drawing is taken as 5 
inches. From experience again, this has been found 
to be a convenient scale. The reproduction in Fig. 
4 is somewhat smaller. 


. Lay off points on the are according to the nor- 


malized input f,, which in this case is equal to ten 
equal increments of 7 degrees each. 


. Assume a value of b equal to 1.500 or 7.5 inches 


in length. The value of b has been found to be 
quite arbitrary. Any value between 1.0 to 2.0 prob- 
ably would be satisfactory. 


. From each point on the arc of the sector trace 


an arc of radius equal to b. 


. On a separate transparent sheet, lay out the 


overlay. As seen in Fig. 4, the overlay is simply 
a series of parallel lines, varying in length, but 





ameters. Adjustments may* be made by chang- 
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ing angle # and the lengths r, a and 6 


remaining parameters are then scaled-off as: 
a = 0.647 and ¢, = 103.0 degrees. If a close fit 
is not obtained for all intersections, it is necessary 
to vary either or both the grange and b and to 
repeat the layout. Usually several trials are re- 
quired. However, as in this illustration where the 
function is well behaved, one trial is often suf- 
ficient. 


From the now determined parameters of the unit 
linkage, the output is calculated, TABLE 2. The posi- 
tional error is shown by comparing the mechanized 
deviation, ¢mecx, With the required deviation, <. Ap- 
plying “zero set,” the maximum point error is seen to 
equal 0.15 per cent. The usual accuracy to be ex- 
pected from this overlay method is on the order of 0.3 
to 0.5 per cent. However, with good drawing tech- 


nique and a little persistence it is not unusual to 
achieve smaller values. 

From TABLE 1, it is seen that the required travel. 
of the klystron plunger is equal to 0.9650 — 0.1014 = 
0.8636-inch. The linkage adder has a 1 to 1 ratio. 
The linkage input then must have a range equal to 
twice this value or 1.7272 inches. From TABLE 2, the 















Fig. 6—Right—Plot of partial derivatives 
calculated from Equations 3, 4, 5 and 6. 
Numerical values are given in Table 3 






Table 2—Calculation of Unit Linkage 





In ¢ c g' In Emech : Zero Set 

0 103 1.23889 0.00000 0.0000 0.00 b . 0.10 
0.1 110 1.12915 0.10974 0.1328 3.28 y " —0.05 
0.2 117 1.02603 0.21286 0.2576 5.76 " . —0.14 
0.3 124 0.92972 0.30917 0.3741 7.41 . b ~0.12 
0.4 131 0.84007 0.39882 0.4826 8.26 . 0.07 
0.5 138 0.75670 0.48219 0.5835 8.35 0,02 
0.6 145 0.67905 0.55984 0.6775 7.75 0.10 
0.7 152 0.60651 0.63238 0.7653 6.53 ‘ \ 0.15 
0.8 159 0.53839 0.70050 0.8477 4.77 \ ‘ 0.14 
0.9 166 0.47397 0.76492 0.9256 2.56 $ 0.14 
1.0 173 0.41253 0.82636 1.0000 0.00 





* Calculated from Equation 1, r — 1.000, a — 0.647, Bb = 1.500. 
t See Fig. 5: g = 1.23889 — c. 


travel of the unit linkage, g, is equal to 0.8264. By 
multiplying the parameters of the unit linkage by the 
ratio 1.7272/0.8264, the actual sizes in inches are ob- 
tained. They become r = 2.090 inches, a = 1.352 
inches, and b = 3.135 inches. 








Adjustment Provision: The positional error of 0.15 
per cent applies only to the average plunger displace- 
~ ment characteristics. For any one of the eight indi- 

cat vidual cavities, from which the average is taken, the 
error is greater. If desired, this error can be reduced 
by making the linkage adjustable. Referring to Fig. 5, 
the following is an expression for making this correc- 
7 tion: 


= 
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Fig. 7—Above — Comparison, for No. 8 “ : ines (2) 


klystron, of required adjustment and actual 
adjustment obtainable with linkage. Only where Ad is the required adjustment and Ad, Ar, Aq, 
one adjustment is needed Ab, and Al are the adjustments in the respective link- 
age parameters. Each term in the expression repre- 
g é sents the effect of changing one linkage parameter. 
Fig. 8—Below Comparison, for No. 6 The net effect is simply the sum of these terms. By 


klystron, of required adjustment and differentiating the expression for the relationship of 


actual adjustment obtainable with link- is , f ‘abl  aalieiien 
age. Two adjustments are needed the harmonic transformer variables and collecting 


terms the partial derivatives become: 
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Table 3—Partial Derivatives* for Unit Linkage 








oc dc 0c 


fn 0¢ Or “Ga 





0 -0.9658 —0.4430 0.2237 
0.1 -0.9109 —0.5290 0.1990 1.0196 
0.2 —0.8529 ~0.6009 0.1649 1.0135 
0.3 0.7949 0.6606 0.1222 1.0074 
0.4 0.7393 -0.7104 0.0720 1.0026 
0.5 0.6878 0.7530 0.0147 1.0001 
0.6 —0.6414 -0.7910 — 0.0490 1.0012 
0.7 -0.6006 — 0.8269 —0.1192 1.0070 
0.8 ~0.5658 —0.8632 ~-0.1960 1.0190 
04 05 06 Of O8 O98 10 0.9 ~0.5372 —0.9024 — 0.2805 1.0386 

ty 4 1.0 0.5151 -0.9469 Q 3737 1.0675 


*Calculated from Equations 3, 4, 5, and 6 
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The term Al dd/ol in Equation 2 is a constant for any 
one adjustment, and may be considered as a phase re- 
lationship between the outputs of the harmonic trans- 
former and the linkage adder. The other four terms 
apply to the harmonic transformer and are basically 
the only ones concerned in the adjustment procedure. 

The procedure is further explained by two examples: 
First, the four partial derivatives are evaluated in 
TABLE 3 and plotted in Fig. 6. In TABLE 4 an adjust- 
ment is made for cavity No. 8, for which the actual 
displacement is dg. Comparing its displacement with 
the average displacement gives the required adjust- 
ment Ad,,,. These values are plotted in Fig. 7. It is 
seen from a comparison with Fig. 6 that its shape 
compares generally with that of the dc/ér curve. It 





Table 4—Linkage Adjustment for No. 8 Cavity 
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was found that a value of Ar = —0.0496 and Al dd/ 
ol = 0.0021 resulted in values of Ad very close to those 
required. The linkage adjustment then is made by 
decreasing the crank radius, by 0.0496 inches, to 2.040 
inches (2.090—0.050). A similar adjustment for 
cavity No. 6 appears in TABLE 5. Here, two adjust- 
ments in the linkage are needed. The closeness of 
agreement between the required and actual adjust- 
ment is illustrated in Fig. 8. 

This method is more or less a trial-and-error process. 
It consists basically of summing several curves to ob- 
tain the characteristics of a desired correction. The 
desired correction is the plot of Ad. If the shape ap- 
proximates one of the derivatives, as in the example 
of cavity No. 8, the adjustment can be made simply 
by varying only one parameter. If not, two parame- 
ters, as in the case of cavity No. 6, must be varied. 
Rarely do three or more parameters require adjust- 
ment. Such cases would occur only when the data, 
from which the average displacement characteristics 
are taken, are widely scattered. Here, the corrections 
might be beyond the scope of this adjustment proced- 
ure; that is, the required adjustment of a parameter 









tn dave dg Ad; eq 






A 1c* dd 
r dc o. Adt 


2 or al 




















0 0.9650 0.9573 —0.0077 —0.0110 0.0021 — 0.0089 
0.1 0.8503 0.8378 — 0.0125 —0.0131 0.0021 —0.0110 
0.2 0.7425 0.7292 — 0.0133 —0.0149 0.0021 — 0.0128 
0.3 0.6419 0.6273 — 0.0146 — 0.0164 0.0021 —0.0143 
0.4 0.5482 0.5305 —0.0177 — 0.0176 0.0021 —0.0155 
0.5 0.4611 0.4452 — 0.0159 —0.0187 0.0021 — 0.0166 
0.6 0.3799 0.3653 — 0.0146 — 0.0196 0.0021 —0.0175 
0.7 0.3041 0.2858 — 0.0183 — 0.0205 0.0021 —0.0184 
0.8 0.2329 0.2147 —0.0182 —0.0214 0.0021 —0.0193 
0.9 0.1657 0.1450 — 0.0207 — 0.0224 0.0021 — 0.0203 
1.0 0.1014 0.0795 —0.0219 — 0.0235 0.0021 —0.0214 


“Calculated for Ar——0.0496. 
*Sum of two previous columns. 





Table 5—Linkage Adjustment for Cavity No. 6 













fn dave de Ad req 









Ab act cd 


Ar dc* 
— Ads 
eb al 








2 or 2 














0.0016 
0.1 0.8503 0.8495 — 0.0008 
0.2 0.7425 0.7507 0.0082 
0.3 0.6419 0.6530 0.0111 
0.4 0.5482 0.5572 0.0090 
0.5 0.4611 0.4718 0.0107 
0.6 0.3799 0.3948 0.0149 
0.7 0.3041 0.3170 0.0129 
0.8 0.2329 0.2475 0.0146 
0.9 0.1657 0.1800 0.0143 


1.0 0.1014 0.1158 0.0144 





For Ar—0.0736 
*For Ab—0.1280 
$Sum of previous three columns. 
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0.0163 — 0.0656 

0.0195 — 0.0652 0.0486 0.0029 
0.0221 — 0.0649 0.0486 0.0058 
0.0243 — 0.0645 0.0486 0.0084 
0.0261 — 0.0642 0.0486 0.0105 
0.0277 — 0.0640 0.0486 0.0123 
0.0291 — 0.0641 0.0486 0.0136 
0.0304 — 0.0644 0.0486 0.0146 
0.0318 — 0.0652 0.0486 0.0152 
0.0332 — 0.0665 0.0486 0.0153 
0.0348 — 0.0683 0.0486 0.0151 





































might become large in comparison to the parameter. 
If this is the case it would be necessary to lay out an 
entirely new linkage. However, the average linkage 
would serve as a guide in selecting the initial param- 
eters and would make the second layout somewhat less 
tedious. 

Linkage mechanisms consist of three basic elements: 
cranks, links and slides. The harmonic transformer 
contains one crank, one link and one slide. A double- 
crank (two arms 180 degrees apart), two links and 
three slides make up the linkage adder. In a linkage 
combination, one element may become common to two 
linkages. For example, where the harmonic transfor- 
mer is used in series with the linkage adder, one slide 
is common. Excepting for the arrangement of the 
linkage, the detail design of the elements is dictated 
by the degree of accuracy desired. A fairly high de- 
gree of accuracy is reouired for this tuning mechan- 
ism. Tolerances are generally equal to +0.0005-inch 
on length dimensions and +0 deg 10 min on angular 
measurement. Minimum backlash is required on all 
sliding members and rotary joints. 


Mechanical Construction: The actual mechanism is 
shown in Fig. 1. The aluminum baseplate is ground 
for flatness. All linkage parts, except shafts, bearings 
and hardware, are also aluminum. The two input 
shafts are supported on radial ball bearings. To min- 
imize backlash, two bearings are used with each shaft 
and preloaded through the inner races by a bowed re- 
taining ring. Standard ball bushings form the slides. 
Two bushings are carried by a bracket, which is dow- 


lamping screw 


Bowed retaining 
ring . ene 








Shoulder 
wosher 


Spacer 











Miniature radial bearing 


eled and fastened to the base plate. Hardened and 
ground steel rods, 14-inch diameter, are used as the 
sliding members. The nominal fit between the rods 
and the bushings is held to 0.0003-inch. 

JOINTS: Three types of rotary joints, using minia- 
ture pivot, radial and self-aligning bearings, appear in 
the mechanism. The connecting link between the 
crank and slide of the harmonic transformer is at- 
tached by means of a pivot-bearing joint. This joint 
is shown in Fig. 9. Two bearings of 14-inch O.D. and 
3/32-inch width are used in each joint. The link is 
made in two halves, which are doweled and clamped 
together, forming a clevis at each end. Each half of 
the clevis carries a bearing in a counterbored recess. 
A hardened-steel, conical-ended pivot pin is carried 
in the end of the sliding rod. The diameter of the 
pivot pin is equal to 0.085-inch. Each half of the 
link is clamped around the pivot. In the clamped po- 
sition, the legs of the clevis are slightly spring loaded, 
thus removing backlash from the joint. 

A joint using miniature radial bearings is shown in 
Fig. 10. This type of joint appears between the crank 
and slide of the adder and at the attachment of the 
adder link to the dither shaft. Two bearings, 1,-inch 
O.D., Y-inch bore and 3/32-inch width, are used in 
each joint. The outer races of the bearings are car- 
ried in the crank. They are separated by a spacer and 
are retained in the crank by spinning over the edges 
of the hole. A pin fastened to the sliding rod carries 
the inner races of the bearings. Backlash is min- 
imized by end loading the inner races with a bowed 
retaining ring, acting through a shouldered washer. 


Sliding 
rod 


Miniature 
pivot bearing 


Fig. 9—Above — Detail of pivot 
bearing joint employed at each 
end of link connecting crank and 
slider of harmonic transformer 





Fig. 10—Left — Detail of radial 
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A self-aligning joint, using a miniature self-aligning 
bearing, is shown in Fig.11. This type of joint is used 
between the adder crank and connecting links. It per- 
mits misalignment between the two slides without 
binding any of the joints. This joint is identical with 
the radial-bearing type except that only a single bear- 
ing is used. The bearing has 5/16-inch O.D., 44-inch 
bore and 7/64-inch width. Because of the self-align- 
ing features, it is not possible to reduce backlash by 
end-loading this bearing. This can be accomplished 
only by the preselection of bearings. However, it was 
found that the backlash was negligible in most of 
these bearings and preselection was not necessary. 
SLIDES: A cross-sectional detail of the slide is shown 
in Fig. 12. The sliding carriage is supported by three 
balls, hence the name “three-ball’” slide. The base 
of the hardened steel slide is L-shaped and has a 
ground V-groove in one leg. A closing piece carrying 
another parallel groove is doweled and clamped to the 
base. The web portion of the closing piece is nar- 
rowed down and cut away in the center leaving two 
supporting legs. The carriage contains two parallel 
V-grooves and is supported on three steel balls 4g-inch 
in diameter. One ball is located on the closing-piece 
side of the carriage; the other two on the opposite 
side. In the clamped position the legs of the closing 
piece are slightly spring loaded, thereby removing all 
backlash. A ball retainer, together with a stop, is 
provided to correctly space the three balls. Depending 
upon the type of connection made to it, the carriage is 
either drilled to receive a pin or counterbored to carry 


Fig. 11—Below—Detail of self-aligning 
joint used between the adder crank and 
connecting links 
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Fig. 12—Right—Detail of three-ball 
slide used in cavity-tuning mechanism 
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a pivot bearing. A slide of this type can be made to 
track along a straight line within 0.0001-inch. It is 
used only when the backlash of the: ball-bushing type 
is not acceptable. 

ADJUSTABILITY: Shown in Fig. 13 is a cavity-tuning 
mechanism with provisions included for making ad- 
justments. Three parameters are adjustable: link 
length, crank radius and crank angle. Except for the 
adjustment features and the slide details, this link- 
age is similar to the one shown in Fig. 1. The link is 
made in the form of a turnbuckle, and attached to the 
slide by a pivot-bearing type joint. A radial-bearing 
type joint is used at the crank end. Adjustment in the 
length of the link is made by turning the barrel of the 
turnbuckle, checknuts being provided to lock the 
barrel. A short slide is provided at the end of the 
crank, attached to the carriage of which is the pin 
carrying one end of the link. By moving the carriage 
in or out, the radius of the crank is varied. This is 
accomplished by turning a screw, which is threaded 
into the carriage, against the action of a small com- 
pression spring. A clamp is provided to lock the 
carriage in position. The hub of the crank is attached 
to a shaft by means of an integral split clamp. Pinned 
to the shaft above the hub is a collar carrying two 
adjusting screws. These screws engage a flat portion 
of the hub. By loosening the clamp and turning one 
adjustment screw opposite to the other, the crank may 
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Two balls 












Ball 
retainer 





Closing ‘ 





Retainer 






Clamping screw 








be rotated relative to the shaft. 

The mechanism shown jis a laboratory model on 
which measurement of the adjustments is made by 
optical means. This method would not be suitable 
on field equipment, and provisions are needed to make 
these checks by mechanical means. This can be done 
by providing reference pins and then measuring across 
the pins. For example, in the link a pin can be lo- 
cated in each end near the joint. By measuring over 
these pins with a caliper or micrometer, the length 
can be determined. Similar means can be provided on 
the crank by locating one pin near the hub and the 
other on the sliding carriage. Instead of pins, a scale 
and vernier can be provided on the slide and the 
change in radius read off directly. Similarly, an an- 
gular scale and vernier can be indexed on the adjoin- 
ing surfaces of the hub and collar to indicate angular 
adjustment of the crank. 


Linkage vs. Cams: Perhaps an obvious approach in 
designing this tuning device would have been to use 
a cam-driven mechanism. The shape of the cam would 
linearize the motion and dither would be introduced 
by oscillating the cam follower. However, several in- 
herent disadvantages limit its usefulness. Essentially, 


Fig. 13—Cavity-tuning mechanism with ad- 
justable linkage, making possible changes in 
link length, crank radius, and crank angle 








LINKAGE DESIGN 


an infinite number of dimensions determine a cam pro- 
file. High accuracy becomes impractical to achieve ex- 
cept at a limited few points. In order to minimize 
backlash, the follower must be spring-loaded against 
the cam surface. Then acceleration of the driving 
members are limited and friction forces become high. 
The dither mechanism becomes unduly complicated. 

Linkage mechanisms do not suffer from these lim- 
itations and can be used to far better advantage, con- 
sidering only functions that are not discontinuous. 
Linkages are essentially straight members jointed to- 
gether. Only a small number of dimensions need be 
held closely. The joints make use of standard bear- 
ings and backlash can be minimized by end-loading 
without inducing high friction loads. High accuracy 
can be achieved by resorting to jig boring and preci- 
sion grinding, all done on standard machine tools, and 
by the preselection of bearings. The links in effect 
form a solid chain and are not subject to acceleration 
limitations. The dither requirement is accomplished 
through a simple eccentric drive. In addition, linkage 
devices can easily be made adjustable, which greatly 
increase their usefulness. With cam-driven devices 
adjustment is highly impractical and very limited. 
This tuning mechanism gives a practical illustration 
of the three basic linkage elements: cranks, links and 
slides. Essentially, any linkage mechanism can be 
built simply by various combinations and arrange- 
ments of these elements. 
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They Say... 


“Our own profession of engineering has become 
much more varied and complex to meet the require- 
ments of modern life—a life and civilization that has 
probably changed more radically in these last five 
decades than in any other similar period known to us. 
This vast expansion has enlarged the demands on the 
engineering profession. It has increased the need for 
articulateness among engineers, for skill and facility 
in talking and writing—for individual awareness of 
that comparatively new field called semantics.”— 
Lewis A. VINCENT, general manager, National Board 
of Fire Underwriters. 


“ ‘Research’ is a high-hat word that scares a lot 
of people. It needn’t. It is rather simple. Essentially, 
it is nothing but a state of mind—a friendly, wel- 
coming attitude toward change. Going out to look 
for a change instead of waiting for it to come.”— 
CHARLES F’, KETTERING. 
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By Oliver Saari 


Development Ergireer 
Illino’s Tool Works 
Chicago, Ill. 





IVEN conditions most useful in the design of 
skew-axis helical gears, Fig. 1, are usually shaft 
angle, center distance, speed ratio, and normal 

diametral pitch. Position of the axes is important in 
any design, and normal] diametral pitch is best selected 
to suit available generating tools. Unfortunately, 
however, this set of conditions leads to an indeter- 
minate equation for the evaluation of remaining condi- 
tions necessary in design. 

This problem has been solved by trial-and-error and 
by layout in many textbooks and magazine articles. 
An ingenious method by Tuplin* circumvents the need 
for an exact solution by taking advantage of the ex- 
treme flexibility of the involute system. However, 
gears designed by this method are “nonstandard” in 
that their tooth thicknesses cannot be compared di- 
rectly on any pair of pitch cylinders. Hence, an exact 
solution of the problem may sometimes be desirable. 

Most skew-axis helical (or “spiral’) gears are de- 
signed to operate at right angles. Much needless com- 
plication is avoided, therefore, if the right-angle case 
is separated from the general problem, since the for- 
mulas are thereby much simplified. This article will 
show how an exact solution of the right-angle spiral 
gear problem can be obtained in a straightforward 
way. 


Conventional Relationships: The conventiona] meth- 





*W. A. Tuplin—‘‘Designing Crossed Helical Gears,’’ MACHINE DE- 
SIGN, Aug. 1950, Pages 125-127. 
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Right-Angle Helical Gears = 


... With an exact mathematical method 
instead of by trial and error or layout 










Fig. 1—A pair of right-angle helical gears, shown 
being checked for runout in a worm-rolling fixture 


ods of designing right-angle spiral gears yield the 
following relationships among the variables shown in 
Fig. 2 and listed in the Nomenclature: 


N sec ¥ 
R. = ————__ .. , Oy PRON. eer (2) 
2P, 
Ne £eC ¥2 
Rk, = ———_ ‘ ; re Ta 3 
2 2P, (3) 
GES Ba MH GOBIND Ba fn ose y npr ie afin ce non de caged e cin (5) 


Combining these equations yields what might be 
termed the fundamental equation of right-angle helical 
gearing: 


oe ee 6 8 ere eee 


where A is a useful symbol for the following relation- 
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ship among normal diametral pitch, center distance, 
and number of teeth in the smaller gear: 


2P,C 
N; 





m4 sale (7) 


When the center distance is not important, the helix 
angle y, may be given any arbitrary value. Then 
Equation 6 can be used to find the corresponding 
value of A, and the center distance can be obtained 
from Equation 7 rearranged in the form, 

AN; 


C= ; i - pigs (Ta) 
2P, 





Then the helix angle and pitch radius of the other 
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gear can be found with Equations 3 and 4. This meth- 
od is essentially the conventional solution given by 
most sources. 


New Approach: When the center distance C is to 
have a fixed, predetermined value, the problem is not 
quite so simple, however. Here, Equation 6 must be 
solved for y, when A is given, since A is determined 
by the arbitrary starting conditions. This equation is 
indeterminate in the sense that when expanded it 
yields an algebraic equation of the fourth degree, 
which (though mathematically having an explicit so- 
lution) is too cumbersome to use in any practical way. 
It is this solution which has been obtained by trial- 
and-error by some and layout by others. Trial-and- 
error is annoying because one is immediately faced 
with the problem of where to start. Layout solution 
by any existing method is of limited accuracy. 

It can readily be shown that for Equation 6 to have 
a solution at all, the value of A must not be less than 
a certain minimum. The value of y, which corre- 
sponds to this minimum value of A is given by 


tan yim = WR (8) 






































Re and the minimum value of A itself is given by 
Ve hs | Am = sec? Yim Pio (9) 
| lay | Sec | + Thus both the minimum value of A and the corre- 
| RE sponding helix angle y;,, can be thought of as func- 
My tions of the speed ratio K. Graphs of these values are 
| | shown in Figs. 3 and 4. The co-ordinates from which 
; the curves are plotted are given in TABLE 1. 
| Equation 9 permits determination of the maximum 
, number of teeth in the smaller gear as follows: 
? ae 
M, A, 
Fig. 2—Above — Relation- 10 T T T T 
ship of helix angles in right- | | | 
angle helical gears. The pair — == Se Ge Ge — a — 
shown is proportioned ac- | | | | Pd | 
cording to the results ob- 8 Z | a | | L 
tained in the first example | WA 
; ieee SO SS A ee Se 
= WA 
Se T 7 : 
x | | 
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Fig. 3 — Right—Factor A,, | | 
versus speed ratio K > t | 
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Ni-max = .. (10) 

If the smaller gear must have more teeth than this 
maximum, then the solution is impossible under the 
given conditions, and either P,, or C must be increased. 
In general it is best to let the number of teeth in the 
smaller gear be simply the integer part of the max- 
imum value. This results in gears which make the 
most effective use of the space allotted them, since 
they contain the largest number of teeth of the given 
pitch which can be incorporated into the designated 
center distance, thereby having higher contact ratios 
and more tooth-surfaces in action than other designs. 
However, the design is not limited to this number. 
Any number N, smalier than the maximum may be 
used. 

Having chosen N,, one must determine the proper 


value of N. to give the desired speed ratio. The ob- 
vious relationship is 
No = KN, ‘ ‘ : (11) 


Choice of N, also determines the value of A from 
Equation 7, and A in turn determines a value of y, 
from Equation 6. In fact, there are two values of y, 
which satisfy Equation 6 whenever A is greater than 
the minimum value A,,. 

Solutions of Equation 6 can be obtained in a direct 
way by the use of two formulas. 

If y,;’ is an approximate value of y, 





z—- 
1’ = vim + 46.782 y —1 (12) 
Am 


where the units of y,,, and y,’ are degrees. 


RIGHT-ANGLE HELICAL GEARS 


Equation 12 gives a first approximation which an- 
swers the question of where to start. Either plus or 
minus sign may be used, since there are two solutions. 
The use of the minus sign results in gears which are 
more unequal in size. The use of the plus sign gives 
a design where the diameters of the two gears are 
more nearly equal, a condition which is perhaps more 
often desirable. This first approximation can be used 
directly as the helix angle when the center distance 
does not need to be exactly the predetermined value. 

When greater exactness is desired in the solution, 
the value of y,’ determined with Equation 12 should 
be substituted into 

1+ K cot y;' — A cos yy,’ 


b, = v1’ — 57.296 (13) 
- v1 A sin y;’ — K cosec? y,’ 





where the angular units again are degrees. 
Equation 13 gives a much closer approximation for 


Nomenclature 





C = Center distance, inches 
K = Desired speed ratio = N2/N, 


N, = Number of teeth in small gear 
Nz = Number of teeth in large gear 
P,, = Normal diametral pitch 


R, = Pitch radius of small gear, inches 


Rz = Pitch radius of large gear, inches 
y1 = Pitch helix angle of small gear, deg 
y2 = Pitch helix angle of large gear, deg 


Fig. 4—Helix angles y ,,., corresponding to A,, in Fig. 3, versus speed ratio K 

















Speed Ratio, A=™,/N, 
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Pitch Helix Angle of Smaller Gear When A=Ap,, Wi 













¥1, Which will be close enough in almost all practical 
cases, a fact which can be quickly checked in any nu- 
merical example by calculating the center distance 
with Equations 6 and 7a. 

Equation 12 is derived by use of Taylor’s expansion 
about the minimum value of A,,, and Equation 13 is 
derived from Newton’s method of solving indetermin- 
ate equations. It is of interest to note that Equation 
13 gives a converging series of values of y,, provided 
each solution is substituted back in as y,’. It might be 
called a recursion formula in that it alone would give 
solutions approaching the exact values from any two 
arbitrary first approximations straddling the y,,, val- 
ue. However, the first approximations given by Equa- 
tion 12 approach the exact values so closely that only 
one application of Equation 13 is necessary. Thus, the 
problem is solved explicitly for all practical purposes 
by means of these two equations. 


Design Procedure: When values of K, P,, and C are 
the given conditions, an outline of the procedure which 
should be used is as follows: 


1. Solve for yim and A,, with Equations 8 and 9, or 
TABLE 1, or the graphs in Figs. 3 and 4. 

2. Solve for Ni_mar using Equation 10. If the integer 
part of this number is acceptable as the number 
of teeth in the smaller gear, use it as N,. If, how- 
ever, some other specific number of teeth is de- 
sired in the smaller gear (such as a given prime 
number, or a number containing other prime fac- 
tors), this number may be used for N, provided 
it is smaller than N4_ maz. If it is not, then a larger 
value of P,, or C must be used. 

. Solve for A using Equation 7. 

. Solve for y¥;' using Equation 12. 

. Solve for ¥, using Equation 13. 

. Test this value of y, by solving for C using Equa- 
tions 6 and 7a. If the center distance is within 
tolerance, as it will be in practically all cases, the 
solution is complete and the gears can be made 
with the helix angles determined. 

7. If the center distance obtained in step 6 is not 
within tolerance, repeat step 5, using the value 
of y¥; previously determined in place of yj,’ in 
Equation 13. 


aon» ww 





Table 1—Calculation Factors 





| 





K Yim (deg) Am 
1.0 45.000 2.8284 
1.5 48.860 3.5117 
2.0 51.561 4.1619 
2.5 53.617 4.7812 
3.0 55.264 5.4056 
3.5 56.630 6.0090 
4.0 57.791 6.6037 
4.5 58.797 7.1914 
5.0 59.681 7.7732 
5.5 60.468 8.3501 
6.0 61.175 8.9227 
6.5 61.816 9.4917 
7.0 62.401 10.0573 
7.5 62.939 10.6201 
8.0 63.435 11.1803 
8.5 63.895 11.7382 
9.0 64.324 12.2940 
9.5 64.725 12.8478 
10.0 65.101 13.3998 





the right-angle spiral gear problem only. The meth- 
od can be extended to cover cases where the axes are 
at some angle other than 90 degrees. However, since 
the resulting equations contain the shaft angle as a 
variable, they are more complicated. 


Examples: Several numerical examples might be 
solved to show how the equations apply. In the first 
one let the given conditions be C = 4.000 inches, K = 
2, and P, = 8. The steps in the calculation to find 


y. are: 
1. From TABLE 1, A,, = 4.1619 and ¥;, = 51.561 deg. 


2. From Equation 10, Nimes = 2(8)(4)/4.1619 = 
15.38. N,; = 15 can be used; therefore, N2 = 30. 
3. From Equation 7, A = 2(8)(4)/15 = 4.26567. 


4. From Equation 12, 





726667 
ya’ = 51.561 + 46.782 J et 
4.1619 


= 51.561 + 7.422 deg 


With the plus sign, ¥,' = 58.983 deg. 

5. Let y¥:’ = 58.98. Since this value is only the first 
approximation, it may be rounded to the nearest 
angle whose functions can be found without inter- 
polation in trig tables. No loss of accuracy re- 
sults. From Equation 13, 


1 + 1.20267 — 2.19877 
3.65648 — 2.73210 





v1 = 58.98 — 57.296 


= 58.98 — 0.2417 = 58.7383 deg 


6. Checking with Equations 6 and 7a, A = 1.926959 
+ 2(1.169860) = 4.26668; C = 4.26668 (15) /16 
= 4.00001. 


This accuracy far exceeds practical requirements. 
Usually fewer decimal places can be employed in the 
calculations; more were used here merely to demon- 
strate the power of the method. 

Another example shows some minor variations in 
the method. This time, let C = 4.000, P, =8, K = 
30/13 = 2.30769. Therefore, N,; = 13 and Nz, = 30. 
Again the steps are: 


1. From curves in Figs. 3 and 4, A,, = 4.55 and 
Yim = 52.88 deg. 

2. From Equation 10, Ni-mear = 64/4455 = 14.07. 
Therefore N, = 13 is permissible. 

3. From Equation 7, A = 64/13 = 4.92308. 

4. From Equation 12, ¥,' = 52.88 + 13.40 deg. Using 
the plus sign gives y¥,' = 66.28 deg. 

5. From Equation 13, 

0.03358 


v1 = 66.28 — 57.296 
1.75398 


= 65.1831 deg 


6. Checking with Equations 6 and 7a shows that 
A = 4.92502 and C = 4.0016 inches. Since this 
value of C might not be considered close enough, 
step 5 shall be repeated with y,’ = 65.18 deg as 
the approximation. Again places are dropped to 
obviate interpolation. 

7. From Equation 13, ¥,; = 65.18 — 0.0249 = 65.1551 
deg. A check with Equations 6 and 7a now shows 
A = 4.92308 and C = 13(4.92308)/16 = 4.00000. 


Results of the repeated calculation give a solution 
certainly accurate enough for any purpose. 
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As previously mentioned, these equations are for 
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Fig. 1 — Above — Section 

through spindle drag pump. 

Coolant passage is a helical 

groove in the outer surface 
of the sleeve 
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Spindle Drag Pump 


By R. A. Strub* 
Senior Research Associate 
Polychemicals Dept. 
E. |. du Pont de Nemours & Co. Inc. 
Charleston, W. Va. 


UMPING small quantities of viscous fluids at 
| «men of 10,000 to 30,000 psi is ordinarily 

done with piston pumps which, when designed for 
use with viscous fluids at pressures in this range, are 
complicated. Mechanical parts such as pistons and 
valves are subjected to high alternating stresses and 
require costly maintenance work. Further, the pul- 
sating nature of the discharge may be objectionable 
because of possible fatigue failure of piping and the 
need for regular flow. The latter is often highly im- 
portant in certain chemical processes where it is nec- 


*Now associated with Sulzer Brothers, Winterthur, Switzerland. 
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sweats AS ~~ 
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essary to inject viscous fluid into the process stream 
of a high pressure synthesis unit. 

The spindle drag pump, Fig. 1, is a new type of 
high-pressure pump for viscous fluids. Simple in de- 
sign and requiring little maintenance, it is a rational 
approach toward overcoming the disadvantages of 
piston pumps in this type of service. 

Basically the pump is an extruder. A spindle, rotat- 
ing in a sleeve at a speed which may reach several 
thousand revolutions per minute, drags the viscous 
fluid toward the middle of the pump by the combined 
action of the rotation and of two shallow helical 
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. . - employs extruder prin- 
ciple for small discharge of viscous 
fluids at high pressure 
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grooves with opposed threads ground along each half 
of the spindle. Suction takes place at each end where 
leakage is prevented by simple low-pressure seals. 
Fluid leaves the pump at the middle through a single 
high-pressure line. Since each half of the spindle 
pump is identical, it is completely balanced axially and 
no thrust bearing is required. 

Heat generated by the shearing of the viscous fluid 





Nomenclature 


b = Thread width, inches 

D = Spindle diameter, inches 

e = Flight width, inches 

h = Thread depth, inches 

ZL = Total length of threaded sections of spindle, 
inches 





I 


N = Speed of spindle rotation, revolutions per second 

P = Discharge pressure, pounds per square inch 

Q = Total output, cubic inches per second 

t = Pitch, inches 

Z, = Power dissipated in clearance, inch-pounds per 
second 

Z2, = Power absorbed in threads, inch-pounds per 
second 

Z; = Power potential of fluid at discharge, inch- 
pounds per second i 

B= bst 

6 = Radial clearance, inches 


Viscosity of fluid in the thread, Reyns or pound 
seconds per square inch 

= Viscosity of fluid between flights and sleeve, 
Reyns or pound seconds per square inch 

Helix angle, tan y = t/7D 
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Fig. 3—Performance characteristics of the pump shown 
in Fig. 2. Oil used in test had viscosity of 3.5 poises at 
38 C. Average temperature of coolant was 20 C 
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in the clearance between the spindle and its bushing 
is carried away by a coolant which flows from one end 
of the pump to the other and then back in a double 
helical groove cut in the periphery of the sleeve. A 
heavy water jacket, strong enough to resist pressure, 
forms the pump body. If necessary, the spindle can 
be made hollow and also cooled. 


Performance: A large spindle drag pump, Fig. 2, de- 
signed to deliver 200 cubic centimeters per minute of 
oil at 20,000 psi discharge pressure at 1750 rpm and 
at an average coolant temperature of 20C has the 
pressure-flow characteristics shown in Fig. 3. Curva- 
ture of the characteristics is partly due to the expan- 
sion of the bore under the high discharge pressure. 
This leads to greater clearances and therefore to 
greater leakage. 


Construction: The pump is built entirely from com- 
mercially available tubing, thus reducing the cost of 
machining. A bronze sleeve with a double helical 
cooling groove is a shrink fit in the heavy pump body. 
The spindle diameter is 1% inches and its overall 
length is 42 inches. It is driven by an elastic coupling 
through an overload shear pin which fixes the axial 
position of the spindle with respect to the pump body. 

It was found that long holes could be machined ac- 
curately by using standard boring bars and honing 
tools. Small bows of a few thousandths of an inch 
have been found acceptable because of the high flexi- 
bility of the spindle. 

The pump has the inherent advantages of being 
simple and requiring low maintenance. A similar 
pump operated for several thousand hours before it 
was necessary to replace the spindle. Wear of the 
spindle or the bushings can be compensated for by 
electrolytic plating of the spindle. 


Design: Spindle drag pump design is based on the 
theory of screw extruders *. For a uniform shallow 
thread profile the pressure is related to the output by 
the equation (see Nomenclature) 

) Ly (1) 


The output Q is maximum when p is made equal to 
zero. The maximum pressure occurs at zero output. 
Leakage past flights diminishes the pressure gen- 
erated by the pump.? From test results the average 
viscosity including the influence of leakage can be cal- 
culated by using Equation 1. 
The power absorbed is given by the relations* 





( 37 DN 3Q 
h? tan y a Bh8 D sin? y 


é 











Z, = 73 D3 N2 a a By ‘ (2) 
b 3Q 

Z2 = 7° D3 N2 ——4(4- ) (3) 

: h Qmax 


In Equations 2 and 3 two different values for the vis- 
cosity have been introduced. Viscosity », refers to 
the fluid situated between the flights and the sleeve. 
This viscosity is generally lower than the viscosity » 


1. References are tabulated at end of article. 
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in the thread because in the clearance the fluid is sub- 
mitted to a more intense shearing which leads to 
greater heat dissipation. 

The potential energy contained in the fluid at dis- 
charge corresponds to a power Z,; = PQ. The differ- 
ence between the total power absorbed, Z, + Zo, and 
Z, corresponds therefore to the energy to be carried 
away by the coolant. 

In the previous equations the viscosity to be intro- 
duced is difficult to predict. It is generally a function 
of the working pressure, of the speed of rotation and 
of the intensity of cooling. Proper values of the av- 
erage viscosity to be used for a new design of spindle 
drag pump can be found experimentally from a labora- 
tory pump by using Equation 1. 

Theoretical work has been carried out in an attempt 
to correlate the helix angle, y, to the thread depth, h, 
for optimum pump design. Although several combin- 
ations of speed, helix angle and thread depth are pos- 
sible, it has been found that the following equation is 
a good guide for relating the different variables: 

re 2 <i 7 —_ 

Ba? D2Nh 
The length of the pump is then determined by Equa- 
tion 1. 


Test Results: An extensive test program has been 
carried out to find the influence of the different factors 
affecting the pump design. A spindle 11 inches long 
and 34 inch in diameter was spun at speeds varying 
from 1000 to 5000 rpm in a water-cooled bronze sleeve. 
Thread depths from 1 to 6 thousandths of an inch and 
pitches from 1% to 1% inches (helix angles from 12 
to 30 degrees) were tested. The radial clearance was 
of the order of 4% thousandth of an inch. 

Test results with different oils are summarized be- 
low. The conclusions have been found to be also gen- 
erally valid for a larger spindle pump 1% inches in 
diameter by 34 inches long. 


1. The output at no pressure varies proportionally 
with speed and thread cross section. 





Fluid 
discharge 
Fig. 4 — Pump design for 
discharge Ce to 100,- Sleeve 
000 psi. Fluid between bal- 
ancing barrel and sleeve 





prevents excessive bore ex- 
pansion at high pressures 
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2. At constant flow of the coolant, the maximum 
pressure at no flow is nearly independent of speed 
within a range of 1000 to 3000 rpm with a maxi- 
mum at about 2000 rpm. 

3. Maximum pressure at no flow is obtained for 
thread depths from 2 to 4 thousandths of an inch. 

4. Power absorbed increases with the discharge pres- 
sure and speed. For temperatures of the coolant 
from 10 to 25 C, the power absorbed is nearly pro- 
portional to speed. 

5. If the cooling intensity is increased, the pressure 
or the output is raised markedly. This indicates that 
flow regulation of the pump can be accomplished 
by controlling the cooling system. 


No great advantage was obtained in the use of 
double threads either with respect to output or pres- 
sure generated, although in some other applications 
heat transfer is increased by a larger number of 
threads in parallel. Further, for optimum design, it is 
best to use a constant pitch along the spindle.? Flight 
width has been found to be noncritical but must be 
large enough to provide sufficient bearing surface. 


Proposed Design for Higher Pressures: A proposed 
design for pressures in excess of 30,000 psi is shown 
in Fig. 4. Pressures of this magnitude would be val- 
uable for testing plant equipment or autofrettaging 
heavy cylinders. Any desired pressure can be main- 
tained by adjusting the intensity of cooling. 

To compensate for excessive dilation of the bore at 
high pressure, a series of balancing chambers are dis- 
tributed along the balancing barrel. Each of these 
chambers, sealed by rubber rings and anti-extrusion 
washers, are pressurized by the fluid being pumped. 
Discharge pressures of the order of 100,000 psi could 
be reached with such a pump. 

Acknowledgment is due Mr. P. R. Weber, engineer- 
ing department, for his helpful suggestions and for 
promoting the development of the pump. 
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ETAINING rings offer a 

simple solution to many 

of the fastening and po- 
sitioning problems commonly en- 
countered in design. Snapped 
into a circular groove on a shaft 
or in a housing, they provide a 
resilient artificial shoulder for 
accurate locating, retaining or 
locking of component parts in 
machine assemblies. A relatively 
large degree of spreading can be 
absorbed by the rings without 
deformation providing compen- 
sation for tolerance variations in 
groove dimensions. Some typical 
and unusual applications of 
standard types of Truarc re- 
taining rings are shown accom- 
panying. A product of Waldes 
Kohinoor Inc., these rings afford 
a range of selection in meeting 
diverse application requirements 
such as high speeds, impact and 
vibration loads, shaft inacces- 
sibility, end play takeup and 
ease of maintenance. In addition, 
self locking types available 
can often be utilized without 
grooves for applications involv- 
ing moderate loads. Many spe- 
cial and modified types are avail- 
able. 





a positioning shoulder 


writer roller. 





__ DESIGN 
Retaining Rings 








Grip ring serves as a collar and provides 


thrusts and vibrat‘on. Grooves are not 
required and holding capacity is provided 
by fricticnal engagement with shoft. De- 
signed for use with shafts under % inch 
in diameter, these rings may be used as 
shown to provide a shoulder for a ten- 
sioning spring or as a collar on a type- 






DETAILS 








Basic ring types, suitable for most general- 
purpose applications, will resist heavy 
thrust loads and high speeds. Design of 
the rings insures constant pressure against 
bottcm of retaining groove, however, the 
protruding shoulder is nonuniform. In the 
applications shown, the rings are used as 
locking shoulders for an electric computer 
drum and a drive gear. 











inversions of the basic types, these rings provide a uniform protruding shoulder 
and are especially suited for use with parts having curved abutting surfaces. 
Torque capacity is less than that cf the basic types. Typical applications are for 
positioning a helical spring and retaining a connector socket. 








sMpntt 


Attached radially, these open type “e” rings provide a 
large shoulder for shafts under 1% inches in diameter and 
are also applied in bowed construction for end play takeup. 
Rings have been designed to withstand spreading during 
assembly and disassembly and can be used with a relatively 
deep groove. These rings are also not recommended for 
high speed operation. Typical of the possible applications 
is a heavy-duty pantograph linkage. 
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interlocking ring for axially inaccessible shafts will with- Crescent ring is especially suited for axially inaccessible shafts. Radially 


stond heavy thrust load and extremely high speeds. applied, this ring provides a uniform shoulder and can be used with a deep 
Installed in a deep groove, this ring provides a uni- groove for protection against impact and vibration loads. Also available 
form protruding shculder. Two identical semicircular in bowed constructicn for end play takeup. Loosening of the ring caused 
halves are attached radially and interlock at the center. by excessive deformation can be dangerous; these rings are not recom- 
Application shows use of ring as a locking shoulder mended for high speed operation. Illustrated is the application of the 
for a drive gear. ring as a shoulder on a rocker arm. 












Modifications of the basic types, these 
rings employ a beveled construction to 
provide rigid tokeup of end play for 
large shafts. Under load the beveled 
edge acts as a wedge to lock the abutting 
port. Illustrations show application of 
rings to « preloaded assembly and a 
pump housing. 














Modifications of the basic types, 
these bowed rings for shafts and 
housing diameters under 1% 
inches provide resilient takeup of 
end play as well as damping of 



















| 
Self-locking rings require no grooves and are recommended vibrations and oscillations. G:ioove | 
for permanent assemblies where thrust, impact and vibration width must be sufficient to ac- | 
loads are moderate. Inclinaticn of prongs provides hold- commodate bsw. Possible applica- | 
ing capacity in one direction only. This holding capacity tions are as a shoulder for a 
can be tripled by using a shallow groove for mounting. preloaded bearing and to pro- 
Applications show use as positioning shoulders for a rub- vide variable tension on the in- 
ber bushing and for plastic pins. dicator of an altimeter. 
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Fig. 1i—Shaker conveyor unit 
which reciprocates a trough line 
up to 300 feet long for moving 











EQUIREMENTS of shaker conveyors have led 
R to the development of a drive incorporating ir- 
regular gearing for producing a specific accel- 
eration pattern in reciprocating motion. Consisting of 
a long reciprocating trough line mounted on rollers or 
ball bearings, a shaker conveyor is used for moving 
bulk material in mines and industrial plants. Strokes 
in the range from 6 to 12 inches are used and one 
shaker drive, Fig. 1, serves trough lines in lengths to 
300 feet, although installations to 600 feet have also 
been made. 

Bulk material is moved with back and forth motion 
of the pan by virtue of a relatively slow reversal of 
motion at one end of the travel and a rapid reversal 
at the other. The pan line is accelerated in the direc- 
tion in which the material is to be moved at a rate 
having an accelerating force per pound less than the 
coefficient of friction of the material in contact with 
the pan. At the other end of the stroke the pan is 
accelerated in the reverse direction at a rate giving 
a force per pound greater than the coefficient of fric- 
tion. 

The ratio of the accelerating force in one direction 
to that in the other—the kick ratio—is a measure of 
the conveying rate. Kick ratios as low as 1.5/1 and 
as high as 4.5/1 have been designed. Although a high 


154 





bulk material 





kick ratio enables the drive to move material up steep- 
er grades and faster on the level, it also imposes high- 
er stresses per foot of pan line. Generally, therefore, 
permitted length of pan line is inversely proportional 
to kick ratio. 

The character of this conveying process immediately 
suggests certain dynamic criteria which become para- 
mount in design. How ideal kinematic objectives have 
been achieved in the drive, Fig. 2, through the com- 
bined use of linkages and irregular profile gearing will 
be summarized in this article. 


System Origin: Service environment imposes a num- 
ber of severe limitations in shaker conveyor design. 
One limit is height of the entire unit which, for many 
mine installations, should not exceed 24 inches. Early 
European versions of the shaker conveyor principle 
were basically pneumatic; the positive and negative 
accelerations were produced with cylinders of differ- 
ent diameter from a common pressure. However, be- 
cause of the required auxiliary equipment, combined 
again with service conditions, attention in this coun- 
try was directed toward a compact, self-sufficient me- 
chanical drive. 

A reasonably satisfactory solution, compatible with 
size and service requirements, was found in linkages. 
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By means of a somewhat complex linkage system, the 
velocity characteristic shown in Fig. 3 was obtained. 
Fig. 4 shows the corresponding acceleration curve. 

The velocity curve is helpful in the visualization of 
three features: position of pan line, velocity, and ac- 
celeration. The area under the velocity curve is the 
measure of the position of the pan line, the height of 
the curve the velocity, of course, and the slope of the 
curve, as measured by the tangent of the angle to its 
base, the acceleration. 

Velocity of the sliding material can also be repre- 
sented on the velocity curve. Shown on Fig. 3, it is 
drawn toward \the right from the peak of the curve to 
its intersection with the lower part of the curve. Its 
slope (tangent of the angle) is equal to the coefficient 
of friction of the material, at the same scale that the 
force of acceleration is measured (slope or first deriva- 
tive of the velocity curve). 

The ordinate of the line is a measure of the velocity 
of the material relative to the ground. Besides this 
absolute velocity, the velocity of the material relative 
to the pan is represented by the ordinate distance be- 
tween the straight line and the curve. Also the area 
between the line and the curve represents the dis- 
tance which the material advances in one cycle. 

Moving the largest amount of material with the low- 
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How linkages and irregular gearing 
are combined to achieve improved 
performance in shaker conveyors 


be 
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Special crank gear 


Cronkshaft 








Fig. 2—Drive assem- 
bly incorporating 
speed reduction gears 
and linkage. Last re- 
_ duction pair is irregu- 
lar in profile, provid- 
ing a variable input 
to linkage 
achieving most favor- 
able inertia properties 
2nd reduction 
gear 


2nd reduction 
pinion 


est stresses in the pan line and the drive requires that 
four factors receive attention in design: 


1. The distance which the material can be moved 
per cycle. - 

2. The number of cycles per minute at which the 
drive can be operated without having the mate- 
rial backslide on the slow accelerating stroke. 

3. The maximum forces developed by the rapid re- 
versal of the pan line. 

4. The shock to the pan line and mechanism by the 
reversal of forces. 


Analysis of Fig. 3 with these factors in mind re- 
veals some pertinent facts. The larger angle «a is 
made, the greater becomes the area between the ma- 
terial velocity line ard the shaker velocity curve. 
But also, the larger angle a, the higher the inertia 
stresses in the pan line. 


Controlled Inertia: It becomes obvious that the 
most effective combination of these diverging objec- 
tives—high material velocity and low acceleration— 
can be best realized if the velocity curve is designed 
with straight-line portions joining the peaks. In the 
velocity curve of Fig. 3 this ideal is not satisfied; the 
initial portion of the curve shows departures from a 
straight line. Because of these fluctuations, the speed 
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of the drive must be held down. Otherwise, the high- 
er accelerations occurring at some points would cause 
backsliding of the material. 

The straight-line velocity sections are, of course, 
uniform acceleration stages. Hence, acceleration 
would be the absolute minimum for the prescribed con- 
ditions, and inertia forces would correspondingly be 
limited to their lowest possible values. 

Making the center portion of the curve a straight 
line moves the peaks toward the center and a straight 
line on the left-hand portion of the curve will be at a 
smaller angle than the steeper portions of the curve 
as shown. Consequently a higher kick ratio results 
and further adjustments are necessary to keep it and 
the stresses within preselected limits. These adjust- 
ments can be made by starting out with a motion hav- 
ing a lower kick ratio and then building it up to the 
desired value. 

Although uniform acceleration minimizes the in- 
ertia loads, some further measures must be taken to 
eliminate the shock loading that would otherwise oc- 
cur in the instant change from positive to negative 
acceleration. In such a high inertia system it is man- 
datory that “jerk’’—the rate of change of acceleration 
—be maintained at a finite value. Specifying a con- 
stant finite value for jerk produces a sloped straight- 
line acceleration region and a second-degree (para- 
bolic) transition in the velocity curve, as shown in 
Fig. 5. 

This concept was developed in conjunction with a 
much simpler linkage, Fig. 6, than that from which 
the curves of Figs. 3 and 4 were derived. As shown 
by the linkage velocity curve in Fig. 5, developed for 
a low kick ratio application, the simplified linkage 
yielded characteristics that are a reasonable first 
approximation of the ideal velocity curve based on the 
principles just discussed. The slope of the ideal veloc- 


Fig. 3—Velocity di typical of 
earlier complex shaker linkages 
driven by constant-velocity gears 
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ity curve is, of course, the trapezoidal acceleration 
diagram. 

The linkage curve is based on the uniform velocity 
of the crankshaft. The base of these curves is time 
but so far as the linkage curve is concerned it could 
also be crank position. The base does not represent 
crank position for the ideal curve. The difference 
curve shows the change in the pan line velocity nec- 
essary to produce the ideal curve, It is plotted to time 
and does not apply to crank position. Since the area 
under these curves represents the pan line position, 
equal areas under each of the curves will represent 
the same crank position. To determine the correction 
necessary in crank velocity for any point in this angu- 
lar position, it is necessary to select an area such as B 
on the linkage curve, find the position on the ideal 
curve having the same area, such as C, and increase 
the velocity of the crank shaft at that angular posi- 
tion in the ratio of the velocities of C and B. 


Irregular Gearing: To obtain the desired linkage 
output motion, the required velocity correction could 
be introduced, obviously, by variation of the input 
crank velocity. Irregular gearing seemed the only 
and best means of converting the uniform speed of 
the motor to the irregular angular velocity needed at 
the crank. Application of such gearing has been rel- 
atively common in instruments and computers for mo- 
tion translators where transmitted loads have been 
either small or negligible. However, in this case gear 
capacity in the region of 60 hp is required. Develop- 
ment of successful design and production techniques, 
to be discussed later, permitted application of irreg- 
ular gearing to the conveyor drive. 

Space limits added another consideration at this 
point. Irregular gears having an average 1/1 velocity 
ratio could have been used. But to reduce the num- 


Fig. 4—Acceleration dia- 
gtam corresponding to the 
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ber and size of gears required in the speed-reducing 
drive, obtaining some speed reduction, besides modify- 
ing the constant motion, became another objective in 
the design of the irregular gears. An average 2/1 
reduction was found to be feasible and proved quite 
satisfactory in the drive, Fig. 7. 

In this arrangement the pinion makes two revo- 
lutions while the crankshaft makes one. The speed 
corrections necessary are quite different during the 
two pinion revolutions, Fig. 8. At any point on the 
first revolution curve, the same pinion tooth is in en- 
gagement as at the point directly above or below on 
the second revolution curve. Of course, this tooth is 
in contact with different gear teeth on the two revolu- 
tions. 

The differences in speed are obtained by design of 
the gear teeth to operate at different pitch radii on 
the pinion, on which all teeth are of identical standard 
form. The general swings of the curves above and 
below the base line, Fig. 8, are obtained by mounting 
the pinion eccentrically. Thus a standard pinion is 
used, with its theoretical or nominal pitch circle ec- 
centrically rotated, but moreover its true pitch line of 
engagement deviates from the circle according to the 
special pitch profile of the mating gear. Correspond- 
ingly, the true pressure angle varies between certain 
narrow limits. 

The required shapes of the gear teeth are developed 
for adequate tooth contact und strength. Every tooth 
in the gear is different and no tooth has the same 
shape on both sides. The gear is produced in a special 
fixture mounted on the spindle of a Fellows gear 
shaper. A secondary spindle carrying the gear blank, 


Fig. 5—Plots of relationships in- 
volved in the determination of 
optimum inertia characteristics 
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Fig. 6—Simplified linka em ado 
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Fig. 7—Irre gear pair having an average 
2/1 ratio. Pinion is hedee spur with stand- 


ard tooth form, but eccentrically mouated. Gear 
teeth are all different and ners ee adjust- 
ment at the input crank of the linkage, Fig. 6 
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Fig. 8—Curves showing the ratio adjust- 
ment provided by the irregular gears for 
the two revolutions of the pinion occur- 
ring during one revolution of the gear 
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CONTROLLING INERTIA 


is so arranged that it can be advanced or retarded ro- 
tationally by means of a stationary cam. As the 
shaper spindle revolves and the blank advances, the 
rotational speed of the blank is faster than the speed 
of the shaper spindle, and when the blank is retarded, 
the speed is slower. By proper design of the cam, 
the blank is rotated with the same relative speed vari- 
ations that are desired for the crankshaft in the 
shaker drive. 

With a disk cutter having a diameter equal to that 
at the working depth of the pinion and mounted ec- 
centrically, the desired irregular contour of ‘the gear 
blank is obtained. After the blank is formed, the disk 
cutter is replaced with a toothed cutter having the 
same tooth outline and number of teeth as the pinion. 
The cutter and pinion teeth are‘of involute form, not 
modified. The gear and the method of producing it 
are covered by U. S. Patents 2,585,971 and 2,602,374, 
owned by the Goodman Mfg. Co. 


Design Results: As shown in Fig. 5 the linkage 
curve has a low kick ratio and thé slope of the central 
portion of the curve represents an accelerating force 
less than is acceptable for a final design. Straighten- 
ing out the curve has increased the kick ratio and, 
as the curve is laid out, enables the drive to be oper- 
ated at either a higher speed or for conveying mate- 
rial up a steeper grade. Fig. 9 shows comparative re- 
sults obtained with a linkage drive of the type charac- 
terized by Figs. 3 and 4 and the new drive employing 
the simplified linkage of Fig. 6 with the irregular 


Fig. 9—Comparison of performances obtained 
with the original 
combined simpler linka 
Based on 77 9-inch strokes per min and 0.4 co- 


linkage system and with the 
and irregular gears. 
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gears. This figure shows results when both drives 
are running at the same speed. The new drive can be 
run at a higher speed than the old ones without back 
slipping. When operated at a higher speed for trans- 
mission of material on the level, the stresses are in- 
creased, but the material movement is much faster. 

When a drive is operated at its maximum efficiency 
it must be operated at a slower speed when the mate- 
rial is moved up hill and the force of acceleration must 
be kept below the coefficient of friction after the per- 
centage of grade has been subtracted. Likewise the 
slope of the material velocity line must be determined 
after the percentage of the grade has been added to 
the coefficient of friction. 

This development demonstrates the versatility of 
fundamental mechanisms in fulfilling today’s design 
requirements. Two concepts applied in the shaker 
drive may be generalized and perhaps adopted in 
many design situations: (1) Aim for desired or pre- 
selected kinematic properties in high-speed or high- 
load equipment, and (2) Combine mechanism forms 
to obtain more prolific results than possible with any 
one of them alone. 





They Say... 


“Industrial research is literally a problem child— 
it is born of problems. No problems, no research! 
You begin with a problem—you are searching for 
facts, for new knowledge in a particular field, an im- 
provement in a product or process, or a product with 
new usefulness. You think about the problem, you 
try something and you observe (or measure) what 
happens. Then you think about what you have ob- 
served and try again, and again and again, The re- 
search method is simply following the trail of step- 
ping stones of Think and Try and See that leads from 
problem to answer. You must think through your 
problem, you must try something, make some ex- 
periment, try some new approach; you must see what 
happens and then think again, on and on and on— 
and so new miracles are born.”—HANS ERNST, directo~ 
of research, Cincinnati Milling Machine Co. 


“The faculty for reducing apparently complicated 
situations to their basic, essential elements is a form 
of wisdom that must usually be derived from expe- 
rience . . . It should be our practice to integrate, 
condense, summarize and simplify facts rather than 
to expand, ramify, complicate and disintegrate 
them.”—LEewis A. VINCENT, general manager, Na- 
tional Board of Fire Underwriters. 


“On the nontechnical front, the mechanical engineer 
of today must work ever more closely with the social 
scientists. This is particularly true in the fields of 
economics, psychology, and employee and public re- 
lations, because he frequently finds himself moving 
into the responsibilities of the management of indus- 
trial enterprises.”—EVERETT S. LEE, editor, General 
Hectric Review. 
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By R. Hadekel 
Consulting Engineer 
London, Engla 


ANY hydraulically operated machines are re- 

quired to perform a number of operations 
automatically in a predetermined sequence. 
Generally, there are four main types of sequence op- 
erations: half-cycle, single-cycle, multiple-cycle, and 
continuous operation. 

In half-cycle operation a single action on the part 
of the operator initiates operations A, B,C ...WN in 
that order, after which the machine stops. After the 
operation N the system is not in its starting position. 
Another action on the part of the operator initiates 
the converse sequence. An example is operation of 
aircraft undercarriage and undercarriage doors. Un- 
loading may be required at the end of the half cycle. 

With single-cycle actuation a single action on the 
part of the operator initiates operations A, B,C,...N 
in that order, the machine being back’ at its starting 
position after operation N. For example, in an injec- 
tion molding machine the cycle is: close dies, inject, 
retract injector, open dies. Unloading may be re- 
quired at the end of the cycle. 

In multiple-cycle actuation a single action on the 
part of the operator initiates operations A, B, 
C ... N in that order, and then (without fur- 
ther action on the part of the operator) A, B,C... 
N again, and so on for r cycles, the machine stopping 
automatically at the end of cycle r when unloading 
may be required. A typical example is a marking ma- 
chine in which a roller die must be rolled over the 
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Hydraulic Control Systems 


Basic design of machine hydraulic systems is put 
on a methodical and consistent foundation in 
this series of articles to aid development of cir- 
cuits for maximum simplicity and effectiveness 


Part 4—Automatic-Sequence Systems 






































































































Fig. 104 — Aircraft undercar- 
riage hydraulic system exempli- 
fying a simple half-cycle circuit 





















work a given number of times. Operation N may be 
an indexing operation as in a machine for wheel rivet- 
ing where the wheel must be indexed after each to-and- 
fro motion of the riveting head, the machine stopping 
automatically when the wheel has been indexed com- 
pletely around. 

With continuous operation a single action on the 
part of the operator initiates operations A, B,C... 
N in that order, and then (without further action on 
the part of the operator) A, B,C ...N again, and 
so on indefinitely until the machine is stopped by an- 
other action of the operator, after which unloading 
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Fig. 105 — Latch - operated 
trigger type sequence valve 
with high positional accuracy 
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Fig. 106—Latch valve op- 
erator employing ‘spring 


main lever actuation trigger 


Fig. 107—High-accura 
hydraulic valve wi 
firing action 








may be required. Most often, when the operator per- 
forms the stopping action the machine is required to 
complete the cycle before it stops. Starting and stop- 
ping actions very often take the form of pressing and 
releasing a pedal, the machine continuing to operate 
as long as the pedal remains depressed. N may be an 
indexing operation as found in any general-purpose 
automatic press, grinding machine, shaper etc. 

In any of these systems a definite dwell may or may 
not be required between certain pairs of operations. 
Automatic alteration of speed during the course of 
an operation will be considered in the next part of 
this series. 


Control Element Characteristics: A sequence con- 
trol element may depend on: (1) The position of a 
machine member, (2) pressure in a certain part of 
the circuit, (3) flow in a certain part of the circuit, 
or (4) time from the initiation of the cycle, or from 
a certain stage in the cycle. The term “machine mem- 
ber” may include counting devices. 

Combinations of several of the foregoing elements 
may be used. Also, timing devices must be used, pos- 
sibly in conjunction with other elements, if definite 
periods of dwell are required. 

Except in the case of timing devices, there is a 
general problem in all sequence elements, arising from 
the following fact: when a sequence element operates, 
a change is produced in the circuit, and almost invar- 
iably the effect of this change is to annul the cause~- 
motion, pressure rise, etc.—which operates the se- 
quence device. Now the latter must usually have a 
definite motion and usually begins to be operative 
before this motion is completed. Thus, there is a ten- 
dency for the sequence element to be operated only 
partially, or for an insufficient length of time. In 
many cases, inertia is sufficient to ensure satisfactory 
operation or else other methods may be used to in- 
troduce a slight delay in the action of the sequence 
device. In other cases the sequence element, or the 
valve which it controls, may be given a snap or trig- 
ger action. 

The problem is usually easier if the sequence ele- 
ments are of the pilot valve type, since the main 
valves which these control will usually operate fully 
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even if the pilot elements are only partially operated. 
Besides, the use of pilot elements automatically intro- 
duces a slight delay. With electric elements the prob- 
lem is easier still, as the travel required is often 
minute while snap action is often inherent in the de- 
vice. 

This problem will be dealt with in more detail, but 
it is mentioned at this stage because of its generality. 


Positional Devices: Any nonautomatic valve may 
be mechanically operated to give positional sequence 
control. It is also possible to use electric position 
switches or limit switches which, in turn, control elec- 
trically operated valves. 

Positional devices are not generally suitable, unless 
time delay is introduced, where a cylinder must exert 
full load against internal or external stops (or equiv- 
alent) before the next operation is initiated. Thus 
devices of this type are hardly suitable for initiating 
automatic return in many kinds of presses, although 
quite suitable in most cases for initiating a working 
stroke after the press has returned. 

A very simple system of the half-cycle type is shown 
in Fig. 104, illustrating a circuit for causing retrac- 
tion of an aircraft undercarriage (worked by cylinder 
A) followed by closing of doors (worked by cylinder 
B), and vice versa. The sequence for retraction is, 
“retract A, retract B”; for extension, “extend B, ex- 
tend A’’. The sequence valves shown are of the seat- 


Fig. 108 — Toggle lever arrangement 
useful for snap-action valve actuation 
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Fig. 109—Simple continuous 

reciprocating system utiliz- 

ing a mechanically actuated 
snap-action selector 








ing type, allowing free flow in one direction, which 
may be helpful in certain cases and at least can do no 
harm in the particular circuit shown. 

This circuit illustrates the type of problem referred 
to previously. If the pressure required to begin the re- 
traction of B is less than that required to complete 
the retraction of A, the latter will cease to move (un- 


sy | Fig. 110 — Left—Form of 
pilot valve levers used for 
a reciprocating system control 





Fig. 111—Below—Pressure-sequence valves of two-way, 
4, and three-way, 5, types. Valves remain closed until 
pressure at the inlet equals the spring load. Design at 6 


prevents pressure rise at the outlet before opening 
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Fig. 112—Right—Equivalent circuit to that of Fig. 104 
using pressure-sequence valves as shown in Fig. 1116 
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less carried on by inertia) when valve V is only par- 
tially open, causing throttling of flow. Furthermore, 
the position at which cylinder A stops is more or less 
indeterminate within the limits of travel of the valve. 
These two effects may of course be tolerated in many 
cases since, in any event, at the end of the half-cycle 
both cylinders and the valve will complete their re- 
spective travels. 

In Fig. 105 is shown a trigger type sequence valve 
in which the initial actuation compresses a valve stem 
spring through a lever, but operation of the valve is 
prevented by a latch until a position is reached when 
the latter is released, the spring then opening the 
valve to the full extent. Valves of this type may be 
made to operate with a very high degree of positional 
accuracy. 

A different type is shown in Fig. 106. Here the face 
F of the cam operates the latch, allowing the main 
lever to move under the action of a spring. On the 
return motion face G of the cam resets the valve. To 
give satisfactory operation, the main lever must be 
made to travel slightly beyond the latched position 
during resetting. 

Illustrated in Fig. 107 is a valve with hydraulic 
trigger action, for which a “firing point’ accuracy 
of the order of 0.0001-inch is claimed (Ref. 8, Part 1). 
In theory this valve has a point of equilibrium in the 
center, but in view of its very high sensitivity this 
can hardly matter in practice. 

A type of snap action useful for many purposes, 
although not as accurate as trigger action, is shown 









































































































in Fig. 108. Motion of the machine operates a toggle 
lever, which is moved further by a cam and spring ar- 
rangement. The toggle lever in turn operates the lever 
actuating the valve, but there is some lost motion be- 
tween the two, allowing the former to go past cen- 
ter and come under the action of the cam, before the 
latter reaches its central position (or even before it 
begins to move). This mechanism may be useful for 
sequence-operated selectors, worked by direct me- 
chanical action from the machine. 

Positional sequence elements are very useful in ap- 
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Fig. 113 — Above — Pressure-sequence valve 
which reverses at completion of forward and re- 
verse movement of a cylinder 
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Fig. 114 — Above — Pressure-sequence valve 
which can be made to reset at any point in the 
sequence 













































































plications, such as machine tools, where the stroke of 
a cylinder may have to be varied. This can be done 
easily by moving the stop or cam operating the valve. 
Fig. 109 illustrates a simple continuous system of this 
type where reciprocating motion of a machine slide 
is obtained by a mechanically operated selector which 
could have the type of snap action shown in Fig. 108. 
Stop C reverses the selector at the left-hand end of 
the stroke, stop D at the righ-hand end. The machine 
is started and stopped by cock 8S, which unloads the 
pump. 

Perhaps more frequently in this type of system the 
selector is worked from a pilot valve, in which case 
snap action on the latter is not usually considered 
necessary. Pilot valves for this type of application 
usually have stay-put action and are most conven- 
iently made with a lever in the form of a vee with off- 
set arms, as shown in Fig. 110, one arm corresponding 
to each stop, the two stops being of course in different 
planes. This prevents fouling, and allows unlimited 
position adjustment. Systems of this type are common 
on machine tools, particularly grinders. 

Positional sequence devices operated by adjustable 
cams are also useful in determining stopping positions 
for machine slides, whether or not these have auto- 
matic sequence in the usual sense. For instance in 
rapidly moving machines stopping by hydraulic means 
may be preferable to direct mechanical action as it 
reduces impact loads. Gradual stopping can be 
achieved by causing the machine to actuate a valve 
giving gradual throttling. If it is preferable to use 
a pilot valve, the same effect can be obtained by the 
potentiometer system of Fig. 56b, Part 1. 


Pressure and Flow Sequence Devices: Strictly speak- 
ing, flow cannot operate anything and the general 
principle of so-called flow-sensitive devices is the util- 
ization of the pressure difference created by flow 
through a resistance. Thus pressure-operated devices 
are those which utilize changes of pressure, directly 
available from the operation of the system, while 
flow-operated devices utilize pressures generated by 


Fig. 115—Left—Flow-sensitive valve controlled circuit. 
Pressure drop across resistance R actuates valve 
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Fig. 116—Use of a meter- 
ing valve permits the hy- 
draulic control of timing in 
certain portions of a circuit 
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resistances deliberately introduced for that purpose. 

Unless a cylinder is automatically returned by a 
positional device, the motion eventually stops due to 
the cylinder reaching its own limit of travel or sooner 
if resistance to motion rises sufficiently, and the re- 
lief valve or other pressure-limiting device operates. 
Thus, simultaneously, a rise in pressure up to the re- 
lief valve setting and a cessation of flow anywhere 
downstream of the relief valve branch are obtained. 
This rise in pressure or cessation of flow, or the two 
together, may be utilized to initiate the next operation 
in the sequence. 

The usual control element in pressure-operated 
(not flow) automatic-sequence systems is the pres- 
sure-sequence valve, already encountered in earlier 
articles in connection with pressure maintenance. 
Both the two-way type of Fig. 111a and the three-way 
type of Fig. 111b or their seating valve equivalents, or 
indeed any other form with the same characteristics, 
are useful. Obviously the operating pressure must 
be higher than the maximum value required to over- 
come external loads during cylinder motion, but it 
must be lower than the setting of the relief valve. 
Hence, there must be a fair margin between the maxi- 
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mum pressure required to move the cylinder and the 
relief valve setting. The latter, and the pump rating, 
must be higher than they would with other methods 
of control. This is one disadvantage of sequence con- 
trol by pressure. 

The two types of valve referred to are obviously not 
the only ones possible on the same principle and any 
combination of connections may be established. Fig. 
112 shows a circuit equivalent to that of Fig. 104, 
but using pressure instead of positional-sequence 
valves, of the type of Fig. 111b. This type of system 
is likely to involve severe power dissipation through 
the sequence valves. 

A characteristic of the pressure-sequence valves so 
far described is that they reset themselves as soon 
as pressure drops, i.e., as soon as an alternative path 
other than through the valve is open to the pump 
output, provided of course the resistance of that path 
is not excessive. A different type of pressure-sequence 
device is shown in Fig. 113. Here two pilot pressure- 
sequence valves are used to operate a third valve of 



































































































































Fig. 117 — Circuit with sequence of 
cylinders in order with return in the 
same order using flow-sequence valves 
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the stay-put type, which may or may not itself be a 
pilot valve with any combination of connections. When 
connected as shown, the valve will reverse at the com- 
pletion of forward and reverse movement of the cyl- 
inder. Alternatively, connection D may be connected 
to some other part of the circuit, and the valve may 
then be made to reset (i.e. move to the left) at any 
point in the sequence, provided C is no longer con- 
nected to pressure. Again, in such a case it is not al- 
ways necessary to have two pilot-sequence valves, and 
the valve may be as in Fig. 114, D being connected 
to some appropriate part of the circuit. The use of 
valves of these types will be described in subsequent 
sections. 

An example of a flow-sensitive device is shown in 
Fig. 115. The valve is controlled by a relatively large 
piston acted upon by the pressure drop across the re- 
sistance R which may be formed by a hole in the pis- 
ton, or may be external, while the absolute pressure 
from the opposite line acts on the relatively small area 
of the valve spool. Proportions are such that the load 
due to pressure drop in the resistance always predom- 
inates over the load due to absolute pressure, even 
when the latter is at its maximum value. Hence, when 







Fig. 118 — Modification of a circuit shown in 
Fig. 117 to obtain multiple-cycle operation 
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the cylinder is extending the valve will be kept to the 
left until flow stops, at which point pressure acting ef- 
fectively on the spool area will push it to the right. 
When the cylinder is retracting the valve will be kept 
to the right until flow stops, when pressure will push 
the valve to the left. 

Obviously, any combination of connections can be 
established by the valve although it is shown as hav- 
ing three ports of unspecified polarities. This type of 
element has the useful property of staying put until 
reversed. A further useful property is that the device 
is not “marginal” in the same sense as the pressure- 
sequence valve. It can be so proportioned as to oper- 
ate over quite an appreciable range of flows and pres- 
sures. The resistance is set so as not to give too high 
a pressure loss under the maximum flow to be allowed 
for and the proportions are then determined by the 
ratio of minimum flow to maximum pressure. 

Within their proper spheres of application, pres- 
sure and flow-operated devices may often be preferred 
to positional devices for the following reasons: First, 
they usually involve loads strictly coaxial with the 
valve motion, avoiding the parasitic reaction com- 
ponents which are bound to occur with mechanically 
operated valves if the latter are actuated by levers 
or cams and are thus practically free from wear; sec- 
ond, they can usually be made to rely only on close 
fits for their sealing, whereas mechanically operated 
valves must have a soft seal somewhere unless leak- 
age to the outside is tolerated, and this seal even- 
tually wears out and has to be replaced. Positional 
devices, however, are safer in the sense that they can- 
not allow premature commencement of an operation 
in case of malfunctioning. 

Pressure-sequence valves are obviously unsuitable 
for machines in which the maximum pressure is ad- 
justable. Flow-sequence valves are unsuitable if 
flow and/or pressure vary over a wide range. 


Timing Devices: In a number of hydraulically oper- 
ated machines—particularly plastic presses and die- 
casting machines—dwell periods may be required be- 
tween successive motions, during which periods loads 
must usually be maintained. Where no definite 
dwell periods are required, 4 position, pressure, or 
flow-operated system is no doubt the best solution, 
since systems of that type—and more particularly 
position controlled systems—entail very little dan- 
ger if anything goes wrong. 

In a fully time-controlled system conditions can 
easily arise (in case of malfunctioning) in which the 
machine will omit one or more operations in the 
cycle, with consequent possibility of damage to itself 
or to the work and, possibly, danger to the operator. 
Another drawback is that an adequate margin must 
be allowed for each operation to be completed, re- 
sulting in some loss of time. 

Hence, if the object of time control is to provide 
dwell periods, it may be advisable to have a com- 
bined system in which timing elements are used to 
control dwell periods only. These timing elements 
are set off by some other sequence device, of the posi- 
tion, pressure, or flow-control type. On the other 
hand, fully time-controlled systems are also used in 
which each operation is initiated at a given time from 
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the commencement of the cycle, as determined by 
some independent timing device and not by the speed 
of operation of the cylinders. Timing devices, how- 
ever, are a convenient solution for certain difficult 
sequences as will be discussed later. 

The most usual and no doubt the easiest method 
of time control is by electric time switches control- 
ling electrically operated valves. If sequence ele- 
ments proper are to be used as well, they could take 
the form of pressure switches, which would be equiv- 
alent to pressure sequence valves. Like the latter, 
pressure switches would in most cases reset im- 
mediately after operating, but this can be counter- 
acted by causing them to control relays with a self- 
holding line which can be broken by another pressure 
switch or by a time switch, as desired. It is also 
possible to visualize a system using mechanically oper- 
ated valves worked from a camshaft which is driven 
through reduction gearing by a synchronous electric 
motor, or even an induction motor, which would be 
accurate enough for most purposes if running at 
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light load.. Such a system would really be suit- 
able only for fully time-controlled cycles, and not for 
time control of dwell periods only. Suitable electric 
circuits are easily devised for all cases. 

Hydraulic control of timing is not out of the 
question. It may be obtained for instance by tapping 
a proportion of the pump flow for time control, as 
shown in Fig. 116. The pressure-sequence valve en- 
sures a maintained minimum pressure to the timing 
circuit, the flow in which is accurately kept to a con- 
stant value by a metering valve. The timing flow— 
normally quite small—may be caused to operate 
small cylinders that take a strictly fixed length of 
time to complete their travel, at the end of which 
they operate some form of valve. These cylinders 
are best used to control dwell periods only and may 
be started by some form of sequence device, with 
adequate provision for resetting. The resulting 


Fig. 119 — Half-cycle circuit for aircraft landing gear 
operation shown when extension has just been selected 
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circuits are of course apt to be rather complicated. 


Counting Devices: It is possible to visualize a sys- 
tem in which there is a single pressure-sequence 
valve in the pump delivery line to operate a small 
cylinder for indexing a ratchet, which would thus 
move by one step at the end of each operation. The 
ratchet could drive a camshaft which would oper- 
ate the selectors and other main valves, the sequence 
being determined by the shape of the cams. A system 
of this type would be simple enough, and easily 
adaptable to any type of cycle, but would in some 
measure suffer from the same weakness as fully time 
controlled systems in that upsets in the sequence could 
occur if anything goes wrong. Again, like timing 
devices, counting devices may be useful in certain 
difficult cases. 


Elementary Sequence Systems: Excluding the plain 
pressure-sequence valve, the following main kinds of 
sequence valves have been discussed so far: 


1. The pressure-sequence valve of Fig. 113, the flow- 
operated valve of Fig. 115, and also stay-put me- 























chanically operated valves. T’nese valves have the 
characteristic of functioning at the end of one op- 
eration of a cylinder and resetting (i.e., operating 
in the reverse sense) at the end of the converse 
operation (return of the same cylinder). 

2. Mechanically operated valves of the spring re- 
turned type, including the trigger action valves 
of Figs. 105 and 106. These function at the end 
of one operation, and reset at the beginning or 
during the course of the converse operation (it is 
also possible to obtain the same action with pres- 
sure or flow-sequence valves). 


If the operation consisting of the movement of one 
cylinder in one direction is denoted by A, the con- 
verse operation (return) will be denoted by A-. Ele- 
mentary sequences are those of the type—A BC... 
N:A* B-!C-. . . N-\—where sequences consisting of 
the movement of all cylinders in the machine in one 
set of directions in a given order are followed by 
their return in the same order. 

This type of sequence can always be obtained in 
perfectly straightforward manner by having one selec- 
tor for each cylinder. The following possibilities are 


open: 


Fig. 120—Single-cycle circuit having the se- 
quence ABC:A-1 C* B+ with the selector 
just having been operated to start the sequence 
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1. Selectors operated mechanically by the cylinders, 
(cylinder A operates selector b, etc.). Selectors 
must stay put until reversed when the cylinder 
reverses and should preferably have toggle action. 
An elementary case is shown in Fig. 109. 

2. Selectors operated by pilot valves (of the type in- 
dicated in item 2 preceding) at the rate of two 
pilot valves per cylinder, except for the last one 
in the cycle which need only have one. Selectors 
must be of the stay-put type. Alternatively, se- 
lectors can be sequence valves of the pressure or 
flow-operated types of Figs. 113 and 115, respec- 
tively. In this case some toggle device should 
preferably be added. 

3. Selectors operated by pilot valves of the type in- 
dicated in item 1 preceding, one only being re- 
quired for each cylinder. Selectors may be of 
stay-put or spring-biased type, the latter requir- 
ing fewer connections on the pilot valves. 


An example of this kind (sequence A B C:A-* B4 
C-1), using flow-sequence valves, is shown in Fig. 


Fig. 121—Automatic circuit for the sequence A/B A“ C/B- C 
shown in the state reached at the termination of the cycle 
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117. This system is suitable both for single-cycle 
and for continuous operation. The sequence is initi- 
ated by moving valve V right, closing the unloading 
valve; pressure then comes on connection ZH through 
selector G and keeps valve V in right position, even 
though for the first half of the cycle pressure is also 
applied at D, tending to reset the valve. After oper- 
ation C, pressure is removed from both D and £, and 
valve V still stays put until reset at the end of the cy- 
cle when pressure is again applied at D (the pressure 
required to reset valve V must be less than that re- 
quired to operate the selector G, otherwise resetting 
could not be obtained). When the valve resets, 
the sequence connection from valve F to selector G 
is broken, and the pump is unloaded. Continuous op- 
eration is obtained by keeping valve V operated (say 
by maintaining pressure on a pedal) and when V 
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is released, the machine continues to operate until 
the end of the cycle is reached. 

A modification to the above circuit, Fig. 118, obtains 
multiple cycle operation. Valve V is the same as 
before, but the resetting connection to D is inter- 
rupted by valve H until the end of the series of cycles 
is reached. Valve V must be held until the first in- 
dexing operation. 

Exactly the same circuit can be used with pressure- 
sequence valves of the types of Fig. 113, or with me- 
chanically operated pilot-sequence valves having 
stay-put action reversed at each end of the cylinder 
travel. 
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Fig. 122—Above—Four versions of a self-holding pressure-sequence valve 


Fig. 123—Below—Circuit composed of several 
pilot pressure-sequence valves ganged together 
















































































For multiple-cycle operation some form of index- 
ing device must be present even if indexing is not 
required by the machine itself. In this case, index- 
ing can be effected by a ratchet mechanism directly 
coupled to one of the selectors. Starting and reset- 
ting arrangements may be somewhat simpler if selec- 
tors have stay-put instead of spring-biased action. 

Similar principles may be applied sometimes in 
more difficult cases if operation is on a half-cycle 
basis, provided each half-cycle is relatively simple. 
An example is the sequence A BA-:A B-\A- which 
occurs for instance in certain aircraft when under- 
carriage doors must be closed both when the under- 
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carriage is extended and when it is retracted (A is 
open doors, B is extend undercarriage). A circuit for 
this is shown in Fig. 119 the system being shown when 
extension has just been selected. Control is effected by 
the manually operated pilot valve C, which has the ef- 
fect of switching over the interconnections between the 
mechanically operated pilot valves, D, HE, F, and the 
selectors, giving different sequences in the two senses. 


Series Sequence Systems: Consider a sequence in 
which all cylinders move forward in a given order, 
but reverse in a different order, e.g. A BC:A*C™ 
B-\, Examples of this kind have been given in Figs. 
104 and 112 for two cylinders only, and for half-cycle 
control. The principle of the above circuits can be 
extended to any number of ¢ylinders and to full 
cycle systems. Each (except the last to move in 
each half of the cycle) must operate two full-flow 
valves that are connected in series with the selector, 
which must be automatically reversed (excluding the 
case of half-cycle operation) at the end of the first 
half of the cycle. As compared with the system of 
Fig. 117 which requires n selectors if there are n 
cylinders, the present system requires one selector 
only, but 2n—1 full size valves altogether. 

In the circuit of Fig. 104 the sequence valves 
allow free return, but this is not necessary in that 
particular case. In the general case, free return is 
necessary or, alternatively, the sequence valves must 
be three-way types giving a connection to tank when 
reset. 

Sequence valves may be of any type and, again, 
pilot-sequence valves may be used, as in the two 
examples to follow. Fig. 120 shows a circuit for the 
sequence A BC:A-1C-! B, the selector having just 
been operated to start the sequence. Operation is 
on single-cycle basis, but it is obviously possible to 
extend the principle to multiple-cycle or continuous 
operation. 

Considering now the sequence ABA“*CB‘§C- in 
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cyclical order alone (i.e., arranging the operation 
symbols in a circle), this is really the same as the 
one just discussed. Writing it A/BA“*C/B*C", 
then the slant line indicates the points at which the 
selector must be reversed, and both reversals must 
now be automatic. Starting must be effected by a 
manually operated valve corresponding to one of the 
sequence valves in the system of Fig. 120. The re- 
sulting system is shown in Fig. 121, the circuit being 
in the state reached at the end of the cycle; starting 
is obtained by moving valve D to the left. This 
valve can be reset at any convenient point in the 
cycle, as shown, after operation A-!. 

By such methods it :‘s possible to deal with all 
sequences involving two or three cylinders, provided 
each does only one to-and-fro motion per cycle, and 
excluding the cases AA?B B-'CC- and AB BC 
C- 4-1, 


Relay Circuits: As already mentioned, any type of 
sequence can be obtained by using timing or counting 
devices. If, however, the circuit is limited to se- 
quence devices proper, which is often convenient and 
desirable, it seems probable that it is still possible 
to get any type of sequence by using electric relays 
with self-holding contacts, or hydraulic valves having 
similar characteristics, i.e., valves which when oper- 
ated stay operated until reset at some stage which 
can be arbitrarily chosen, usually at the end of the 
sequence. 

A manually operated valve of this type has been 
illustrated in the circuit of Fig. 95, (Part 3), the 
valve being locked in position against a spring (say 
by a magnet) until reset by pressure. Similar prin- 
ciples are applicable of course to pressure and flow- 
operated valves, and the action can be incorporated in 
selectors or in pilot valves; an example of a pressure- 












































Fig. 124—System for a machine 
with a single cylinder which ef- 
fects unloading with the sequence 


valves 
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Fig. 125—Simple system, similar to that of Fig. 
124, which unloads at the end of the cycle 


Fig. 126—System of Fig. 29, employing pilot- 
sequence unloading, applied to a more compli- 
cated sequence 


sequence valve of this type has been given in Fig. 114. 

Fig. 122 illustrates four versions of a type of pres- 
sure-sequence valve which holds itself until reset 
by releasing (not applying) pressure, which is a 
desirable feature in many cases. Like a self-holding 
relay, the valve can reset only if the operating con- 
nection is no longer to pressure, which can always 
be arranged to be the case at the required time. 
When pressure at connection C reaches the operating 
value, the small piston moves the valve against the 
spring until pressure from connection R reaches the 
bottom of the spool, maintaining the valve operated. 
The holding pressure need only be comparatively low. 
After pressure has been removed from connection C, 
the valve will reset when connection RF is put to tank, 
or even if R is merely blocked off, as in any event 
a leakage path to tank should be provided (by means 
of a small hole through the spool) to prevent accumu- 
lation of pressure in the reset position. 

Several valves of the type of Fig. 122 may be 
ganged together, with a single operating piston as 
illustrated in the following example. Circuits based 
on such valves must take into account the fact that 
the valve will operate not only when the cylinder 
to which it is coupled completes an operation, but 
whenever any other cylinder completes an operation, 
as long as the valve is connected to pressure. The 
circuit must therefore be arranged to prevent un- 


———— Lost op. (8) 


——+ Second op.(8) 
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timely operation or reoperation of valves. 

An example of a circuit using pilot valves of this 
type, in conjunction with spring-biased selectors, 
is shown in Fig. 123, the sequence being A A* BB". 
Valve F is of a different type from the others, being 
held down (say by a magnet) against a light spring 
(not shown), and released by pressure-sequence ac- 
tion. The valves C, D and E operate in turn during 
the sequence and stay operated. At the end of the 
last operation valve F is reset by pressure and pres- 
sure is removed from the R connection on valves C, 
D and E, which reset. Unloading is obtained at the 
end of the cycle. 

Continuous operation may be obtained for instance 
by adding the components shown within the chain 
dotted rectangle in Fig. 123. As long as _ th 
pedal is depressed, piston G is freed, and during the 
cycle will be pushed in by pressure. At the end of 
the cycle the pump is unloaded, pressure drops, and 
piston G will return, the restriction valve H being 
arranged to make the return sufficiently slow to 
allow the valves time to reset. At the end of its re- 
turn G will operate valve F, and the cycle begins 
again. 

It should be possible by similar methods to ob- 
tain even the most complicated sequences, including 
those involving more than one to-and-fro motion of 
one or more cylinders, as for instance A B A-! B“*AB 
B- A-1, In very complicated cases however electric 
relay control would probably be cheaper. 


Sequence Devices for Unloading Control: The meth- 
ods of unloading described in previous articles are 
best suited to machines and systems involving a 
number of independent operations, or at least a 
number of operations which can be performed in any 
order. In the present article so far, many examples 
have been given of unloading in conjunction with 
automatic-sequence control. Sequence devices are, 
however, also eminently suitable for effecting un- 
loading in machines which have to perform a definite 
Sequence of operations, even though that sequence 
may not be achieved by automatic means. 

Fig. 124 shows a system applicable to a machine 
with a single cylinder, say a simple type of riveting 
press. While the cylinder is extended, or when it 
is left extended, pressure is available to close the 
unloading valve and keep it closed. Pressure is still 
available while the cylinder is being retracted, due 
to the restriction valve, but when retraction stops 
the unloading valve control connection is put to tank 
and the valve opens. At the cost of a few additional 
complications, the system could be extended to certain 
more difficult cases. 

As already mentioned earlier, automatic open-center 
systems, and the equivalent pilot and electrical sys- 
tems of Figs. 95, 102 and 103, respectively, lend 
themselves to sequence control of unloading, by mak- 
ing the latter depend on pressure in one particular 
line, instead of in the delivery main. 

Perhaps the most convenient method in many cases 
is to use positional devices, which are arranged to 
unload the machine in its “end of cycle” position, but 
to be overridden when the first operation of the se- 
quence is selected. The simplest system of this type, 
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equivalent to that of Fig. 124, is shown in Fig. 125. 
The unloading valve is mechanically operated by the 
cylinder at the end of its retraction stroke, but be- 
comes inoperative when the selector is moved to the 
extend position. Here, again, the problem of partial 
opening of the valve is met (unless the latter has 
trigger or snap action), but the valve will at least 
open to the extent required to reduce pressure to 
the value just necessary to move the cylinder at the 
end of the retraction stroke, which may well be low 
enough. 

Fig. 29 (Part 1) shows a solution using a pilot- 
sequence valve controlling an unloading valve, which 
avoids the problem of incomplete opening. The 
rotary valves shown may be main selectors, or may 
be pilot valves controlling the main selectors; the 
valves are shown in their initial position. The se- 
quence (not automatic) is ABB-!A-. The circuit 
also illustrates the application of a safety gate un- 
loading device, operated by pilot valve EZ, while nor- 
mal unloading is controlled by pilot valve F. Note 
that a greater degree of safety would be obtainable by 
using the safety gate pilot valve in the reverse sense, 
ie., allowing it to open when (and only when) the 
gate is closed. There would then be no danger of the 
gate becoming ineffective if the valve sticks. 

Note also that in this and many other cases, spring- 
returned positional sequence valves are best operated 
by cams (as shown) instead of stops, i.e., by members 
moving at right angles to the direction of motion of 
the valve, thus ensuring full operation without re- 
lying on an exact end position, and preventing damage 
in the event of overtravel. 

The system of Fig. 125 is applicable to more com- 
plex sequences with directly controlled selectors and 
the system of Fig. 29 (Part 1), either with direct 
or pilot-controlled selectors, always provided the 
last operation is the converse of the first—the se- 
quence is of the type AB... A-!. Fig. 126 illus- 
trates a slightly more complicated system, as ap- 
plied to the sequence AB A-!B-. Here, again, the 
rotary valves are shown in their initial position, and 
may be main selectors or pilot valves. The system 
of Fig. 126 is applicable to any sequence provided the 
initial position is not repeated until the end of the 
cycle; it would not work for a sequence such as 
ABB“*A“CC. For difficult cases such as the 
latter, a solution could no doubt still be obtained by 
using the principles discussed in the section on relay 
circuits. The unloading systems described in this 
section could of course also be applied to machines 
with automatic-sequence control. 

Fifth and final part in this-series, to appear in the 
August issue of MACHINE DESIGN, will cover hydraulic 
servos. 


They Say... 


“Poor design is very much like a rotten egg. Most 
times it is obvious only after it is broken.”—Kurt O. 
TeEcH, The Cross Co. 





UCTING fabricated of plastic sheet has several 
advantages over metal ducting, mainly lightness 
in weight and resistance to corrosion, particu- 

larly important where corrosive fumes or air con- 
taining acid vapors is transmitted. Additionally, such 
plastic ducts can be fabricated by techniques resem- 
bling standard sheet-metal manufacturing methods, 
and thus extensive modifications to adapt present de- 
signs are not necessary. For this purpose, require- 
ments are that the plastic be: 


1. Bent or fabricated to make circular, flat-oval or 
rectangular ducts by standard sheet-metal tech- 
niques without special equipment 

. Made permanently watertight 

. Fabricated into fittings such as elbows, Y’s, bell- 
mouths, and into satisfactory dampers and clos- 
ures. 


Two plastics which have been investigated and seem 
most satisfactory in these respects are rigid unplasti- 
cized polyvinyl chloride sheet (thermoplastic), and 
fibrous glass-mat filled polyester resin (thermoset- 





Table 1—Ducting Material Cost* 


Weight Cost 
(Ib) 





Material 





GUNS GED ccccccccccvcccecece BB $0.175 
Aluminum 0.87 0.39 
ED GED eaacencecccesessenes BE 1.25 
Glass-polyester plastic ............ 0.48 

Polyvinyl chloride plastic .......... 0.48 





*Based on 12 by 12 by 1/16-inch sheet. rt 





PLASTIC 
DUCTING 


By H. J. Stark 


Bureau of Ships 
Department of the Navy 
Washington, D. C. 


ting). Melamine and phenolic-resin binders may be 
used instead of the polyester. 

Both can be bent readily, although the polyvinyl 
chloride takes sharp bends whereas the glass polyester 
does not. Simple angle shapes, slotted to receive cut 
sheet, seem to be most satisfactory, although this pro- 
cedure may not be necessary with polyvinyl] chloride. 

Permanent water-tightness can be accomplished 
with both types of plastics by the use of simple ad- 
hesives, producing bonds as strong as the material 
itself. Fittings can be made of the polyvinyl] chloride 
sheet by welding with a hot-air torch, and can be 
shaped on simple jigs with the application of heat. 
Bolted flanges and slip sleeves are adaptable with both 
materials, although adhesives should be used with 
sleeve joints. 

Since the plastics are generally lower in physical 
strength than aluminum or steel, supports at more fre- 
quent intervals will probably be required, especially 
with ducts for heated air. The thermoplastic poly- 
vinyl chloride is most susceptible to temperature, re- 
taining approximately £0 per cent of its strength at 
150 F. Both materials, however, are considered satis- 
factory for transmission of heated air at 130 to 150 F. 
Melamine or phenolic-resin binders would probably 
provide even better heat resistance. 

These plastics also have several other advantages: 
they will not support combustion; they have internal 
damping characteristics which reduce noise generation 
from vibration caused by air flow; and they do not 
have to be insulated to prevent condensation, since 
plastics are good insulators. Both materials have ade- 
quate resistance to shock and impact. A sample 
study to show relative weight and cost of various duct- 
ing materials is shown in TABLE 1. 
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to be a clear-cut application of elementary beam 
theory. However, extreme caution should be 
employed in applying this theory if the spring is to 
be loaded to the extent that large deflections result. 
Predictions by this simplified theory may become 
quite inaccurate and in extreme cases will indicate 
deflections greater than the length of the beam. 
Explanation of these erroneous predictions is found 
in the derivation of the theory. The square of the 
first derivative in the curvature formula is neglected, 
and no correction is made for the shortening of the 
moment arm as the loaded end of the beam deflects. 
If deflections are small, these simplifications introduce 
negligible error; however, in the event of large de- 
flections these omissions make the theory very in- 
accurate. 
Therefore, there should be a criterion for indicating 
whether the elementary beam theory will yield ac- 


barre a cantilever leaf spring may appear 


Fig. 1—Co-ordinate system and nomen- 
pn Bi for a thin cantilever beam 
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curate results in a specific case. If this theory is 
proved inadequate, then an alternate theory—the large 
deflection theory—should be available. This article 
presents techniques to supply both of these needs. 


Large Deflection Theory: The problem of large 
deflections and their attendant stresses in thin beams 
has been studied recently by several investigators. 
Gross and Lehr’ presented an approximate solution: 
Barten,? and Bisshopp and Drucker* obtained exact 
solutions by similar methods; and Seth‘ used a dif- 
ferent approach to arrive at essentially the same re- 
sult. The solution used in this paper is substantially 
that due to Barten. The basic premise for the de- 
rivation of this theory is the Bernoulli-Euler theorem. 
It was pointed out by Timoshenko’ that for relatively 
thin, wide beams, this theorem must be written 


Be ME eR 6k eeuenw ean nonen Ae ones (1) 


where M is the bending moment at any point x on 
the neutral axis of the beam, p is the radius of curv- 
ature at this point, and D is the flexural rigidity, 
given by 


(2) 





1— » 


where E is the modulus of elasticity of the material, 
I is the area moment of inertia of the cross section, 
and » is Poisson’s ratio. 

Noting Fig. 1, Equation 1 can be written 


dé 
ds 





a Oy a ee 0h Se adn th. 


in which \ is the distance from the clamped end to 
the end force F and 


ted Or Ree eee re ee Per eee (4) 
Integration of Equation 3 over the entire length / 
of the beam gives 

gh = te) — @ 460d 6. coeds ss (5) 


The notation is similar to that used by Jahnke and 


1 References are tabulated at end of article. 
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Emde* for the complete K(a) and the incomplete 
G(a, ;), elliptical integrals of the first kind, where 


3-3 | Bapeeeenene: (6) 





a = sin- cos 





2 
and 
7 
cos ———- 
4 
¢, = sin-1 ao al he a 
1 ( 7 p ) 
cos —— —— 
2 2 


It develops that ql is a characteristic parameter in 
terms of which all the later results can be repre- 
sented. Since q can be readily calculated from Equa- 
tion 4, Equation 5 merely expresses a relation- 
ship between the characteristic beam parameter 
qi and the angle 8, which is the angle at the end of 
the beam between the neutral axes of the deflected 
and the undeflected beams as shown in Fig. 1. 

Integration of Equation 3 over the beam from the 
clamped end to any arbitrary point (x, y) on the 
elastic curve of the deflected beam results in 














@ V 2sinB — vy 2 (sin B — sin 6) (8) 
l K (a) — G (a, $1) 
and 
ee G(a, ¢) — Gla, 1) —2 H(a, ) +2 H(a, $1) (9) 
l 


K(a) — G (a, ¢1) 


where H(a, ¢) and H(a, ¢,) denote incomplete ellipti- 
cal integrals of the second kind with « and ¢; given by 
Equations 6 and 7 and 


1 7 
cos (-¢ ) 





2 2 
¢@ = sin (10) 
1 ( 7 ) 
cos —— —- 
2 2 B 


Fig. 2—Dimensionless shape curves 
for points on the deflected beam 
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Equations 8 and 9 are a pair of parametric relations 
for the dimensionless co-ordinates of points on the 
elastic curve of the deflected beam. From these re- 
lations and Equation 5 dimensionless shape curves 
were plotted as a function of the characteristic beam 
parameter ql as shown in Fig. 2. 

Although all necessary information concerning de- 
flections is contained in these dimensionless shape 
curves, sometimes it is useful to know the maximum 
deflection of the beam parallel to the y axis. This de- 
flection is that of the beam under the load, that is, 
for 6 = £. Fig. 3 shows a curve of the dirmension 
less maximum deflection y,,,,/l plotted as a function 
of the characteristic beam parameter ql. 

It can be shown that by the large deflection theory 
the maximum stress in a beam is given by 


_ Flhy 2sinB vi 
2 Iql ae ; 





Omax 


where h is the thickness of the beam. This maximum 
stress occurs at x = 0 and is compressive for y = 
+h/2 and tensile for y = —h/2. 


Comparison of Theories: Elementary beam theory 
can be applied with sufficient accuracy to the study 
of end-loaded cantilever beams that are relatively stiff 
and where the deflections remain rather small. How- 
ever, if the beam is flexible and the applied loads are 
such as to produce large deflections, elementary beam 
theory may be quite inadequate. The large deflection 
theory, in addition to its utility for purposes of design, 
can be applied immediately to determine quantitively 
the limits of validity of the elementary theory. This 
can best be done by calculating ratios of correspond- 
ing values predicted by the two theories. It probably 
will be sufficient to compare the values predicted for 
the maximum deflections parallel to the y axis and 
for the maximum stresses. 

For the elementary beam theory it is safe to as- 
sume that the deflections of all points of the beam 





Fig. 3—Maximum deflection as a function 
of the characteristic beam parameter 
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are solely in the direction of the applied load. It can 
be shown that the dimensionless maximum deflection 
for the elementary theory is given by 


Smor 2 tan B 
Briton. 3 





eR OP weet 


where $8,., is the maximum vertical deflection. To 
compare this result with that of the large deflection 
theory, Equation 12 can be divided by the similar 
result Yo,/l from the large deflection theory obtained 
from Equation 9. In Fig. 4 this ratio, 8no2/Ymeg is 
plotted as a function of the characteristic beam 
parameter gl. The values of 8 corresponding to the 
various values of gi used for the calculation were ob- 
tained from Equation 5. 

Since the elementary theory provides no correction 
for shortening of the moment arm, the maximum 
stress S,,,, predicted by it may be in considerable 
error. The magnitude of this error can be determined 
by calculating the ratio of the maximum stress om; 
as predicted by the large deflection theory in Equa- 
tion 11, to the maximum stress §8,,,,, as predicted 
by the elementary theory. Equation 11 may be written 


21 2 sin 
Tmax la Vv B . (13) 
Fih ql 





Fig. 5 is a plot of Equation 13 utilizing Equation 5 
to obtain values of ql for the denominator for cor- 
responding values of @ in the numerator. 

By the elementary beam theory §S,,,, = Flh/2I and 
this may be shown in the form 


21 Binaz 
Fih 


=1 , milsee: te 


Fig. 4—Comparison of deflections predicted 
by elementary beam theory and deflec- 
tions predicted by large deflection theory 
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Dividing Equation 13 by this result leads to 








max 2 i 

a = V 2sin B boa chisel a6 Aa: SE 
Smax ql 

from which it is apparent that 
Cmax _ 21 Omax sb stacean scl 
Bins Fih 


Thus Fig. 5 also represents a plot of the stress ratio 
Cmaz/Smaz 88 & function of ql. 


Design: Results of the foregoing analysis can be 
readily applied to the design of thin cantilever beams. 
The following four sample problems and their solu- 
tions illustrate conditions that occur frequently in 
practice. 

PROBLEM 1: For a steel cantilever beam 1,%, inches 
long, ;,-inch wide, and 0.008-inch thick, find the 
maximum stress and the deflection at the free end 
when the applied end-force is 0.2-pound. 

The first step is to calculate the value of the char- 
acteristic beam parameter gl. This is done by taking 
the square root of Equation 4 and multiplying both 
sides by 7 which results in 


1=y Fr 
ql = rt ES 


‘otivedes Qe 





By Equation 2, since this beam is relatively wide, 


Nomenclature 


= Flexural rigidity (Equation 2) 

Modulus of elasticity, psi 

Force, Ib 

Area moment of inertia, in.* 

Bending moment at any point 2, Ib-in. 

Elementary beam theory stress, psi 

Width of thin cantilever beam, in. 

Thickness of thin cantilever beam, in. 

Length of thin cantilever beam, in. 

Vv F/D 

Characteristic beam parameter 

Distance along 2 axis, in. 

Large deflection theory deflection along y 

axis, in. 

8 = Angle at the end of deflected beam made be- 
tween the neutral axes of deflected and unde- 
flected positions, deg 

§ = Elementary beam theory deflection along y 
axis, in. 

@= Angle at any point x on deflected beam made 
by a line parallel to the x axis and a line tan- 
gent at 2, deg 

\ = Distance from clamped end of the beam to the 

end force F, in. 

Poisson’s ratio 

Radius of curvature at any point xz on de- 

flected beam, in. 

o = Large deflection theory stress, psi 
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CANTILEVER BEAMS 


(18) 








= Jo-” FP a FP =] “12 (i — 2) FR 
ql= - 


E bh 


where b denotes the width and A the thickness of the 
beam. Since EF = 30 x 10° psi for steel and » = 0.3 


qi = 0.603 x 10° 1 == (19) 





b hs 


Since F = 0.2-pound, 7 = 1,4 inches, b = ,3,-inch 
and h = 0.008-inch, qi = 1.06. From Figs. 4 and 5 
it is seen that if elementary beam theory is used, 
the deflections will be more than 10 per cent in error 
and the resulting stresses will be about 7 per cent in 
error. It is apparent, therefore, that the large deflec- 
tion theory should be used. From Fig. 5, correspond- 
ing to ql = 1.06, Guest Bene = 2Zlomaz/Fih = 0.93 
and therefore omg, = 5.58 Fl/bh? = 113,000 psi. 
Provided the material remains elastic, the deflection 
at the free end can be found from Fig. 3 for ql = 
1.06 which shows Y,,,,/1 = 0.32 and y,,., = 0.39-inch. 

PROBLEM 2: Determine the deflection of a point 
¥%-inch from the free end of the beam under the con- 
dition set forth in Problem 1, 

For the point under consideration x = 1,7, — % 
and therefore 7/1 = 0.59. From Fig. 2, corresponding 
to ql = 1.06 and 2/Il = 0.59, y/l = 0.16. So the 
deflection of the point in question will be 7 times 0.16 
or about 0.2-inch. 

PROBLEM 3: Determine the end force that must 
be applied to the beam of Problem 1 to produce an end 
deflection of 0.10-inch. 

Here a cut-and-try procedure must be used. A value 
for F will be assumed, and then ql can be calculated 
by using Equation 19. From Fig. 3 the resulting end 
deflection can be found. If the result is 0.10-inch, 


Fig. 5—Maximum-stress comparison between large 
deflection theory and elementary beam theory 
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the original assumption was correct; if not, the pro- 
cedure must be repeated until an end deflection of 
0.10-inch is obtained. 

Assuming that F = 0.10-pound, from Equation 19, 
ql = 0.75. Ymer/t=0.18, 80 Ynae = 0.22-inch. 

Assuming that F = 0.05-pound, the foregoing pro- 
cedure yields Y,,, = 0.12-inch. 

Assuming that F = 0.04-pound, y,,,, = 0.098-inch. 

Thus an end force of about 0.04-pound will produce 
a deflection of almost 0.10-inch. 

PROBLEM 4: Determine the thickness of a steel 
beam such that the stress in the beam will not exceed 
the yield stress of 100,000 psi when the applied end 
force is 0.5-pound. The other dimensions are the same 
as in Problem 1. 

A cut-and-try method must be used here also. As- 
suming h = 0.(20-inch and since o,,,., = 100,000 psi, 
Zlomar/FIh = 2.05. From Fig. 5 note that the dimen- 
sionless stress ratio cannot exceed unity; therefore 
the assumed value for h is too large. 

Assuming A = 0.012-inch 2Jo,,,,/Flh = 0.74. From 
Fig. 5, corresponding to this value of the dimension- 
less stress, ql = 1.75. Substituting this value of ql 
in Equation 19 yields h = 0.0078-inch. Since this 
is not the value of h originally assumed, the pro- 
cedure must be repeated with a new assumption. 

Assuming h = 0.0139-inch, 2Jomq,/Flh = 0.987. 
From Fig. 5 ql = 0.66 and h = 0.0149-inch by sub- 
stitution in Equation 19. 

Assuming h = 0.0138-inch, 2Jom,/Flh = 0.976. 
From Fig. 5 ql = 0.79 and from Equation 19 h = 
0.0132. The actual beam thickness is between 0.0138 
and 0.014-inch which for all practical purposes is 
0.014-inch. Figs. 4 and 5 show that elementary beam 
theory could have been used for this problem pro- 
vided 5 per cent inaccuracy was acceptable. 


Conclusions: A solution has been presented for 
the deflected shapes, the deflections, and the maxi- 
mum stresses in a thin, relatively wide cantilever 


beam with a concentrated force applied at the free 


end. The approach used is such that the results can 
be applied to a cantilever beam of any stiffness. Thus, 
elementary beam theory is included as a special case 
of this more general approach. From Figs. 4 and 5 
it is seen that if a maximum error of 1 per cent is 
allowable and gl<0.50, then elementary theory can 
be used; but if ql>0.50, the large deflection theory 
must be applied. If a maximum error of 5 per cent is 
allowable, elementary theory can be used provided 
ql< 0.84. 

The results of this data sheet may be extended te 
beams of any width by suitably defining their flexural 
rigidity. Timoshenko® provides a discussion of the 
proper definition of this property. 
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matics, Vol. 3; Elasticity, McGraw-Hill Book Co., New York, 1950, 
Page 67. 

5. S. Timoshenko—‘‘Mathematical Determination of the Modulus of 
Elasticity,’’ Mechanical Engineering, Vol. 45, 1923, Page 259. 

6. E. Jahnke and F. Emde—‘‘Tables of Functions with Formulae and 
Curves,’’ Dover Publications, New York, 4th edition, 1945, Pages 
52-85. 
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Engineering News Roundup 





Jet Power Unit 
For Marine Propulsion 


Designed to propel boats from 
17 to 21 feet long, a unit consisting 
of an engine driven centrifugal 
pump and a swiveling outlet pipe 
eliminates the need of both pro- 
peller and rudder. Water forced 
through the outlet pipe by the 
pump drives the boat by reaction 
or jet propulsion. Labeled the Han- 
ley-Kermath Hydrojet, it is said to 
increase maneuverability, reduce 
maintenance and permit operation 
in shallow and debris-laden water. 
Efficiency is claimed to be equal 
to that of a propeller drive when 
the hull is lightly loaded and bet- 
ter than that of the propeller drive 
in a heavily loaded hull. 

Steering with the Hydrojet is 
done by rotating the water outlet 
pipe to change the direction of 
thrust. Rotation of the outlet pipe 
also permits reversing without re- 
verse gearing, and power braking. 
The outlet pipe, or jet nozzle, pro- 
jects only 3% inches below the 
bottom of the hull, making opera- 
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Cruiser driven by Hydrojet propulsion unit powered by a 131- ote engine 
travelling at high speed 


ation in extremely shallow water 
possible. If the boat should run 
aground in shallow water, it is 
said the water jet can be used to 
wash away the mud or sand and 
free the craft in a matter of sec- 
onds. An additional interesting fea- 
ture of the unit is that a connec- 
tion permits pump output to be 
tapped and used as a high or low 
pressure stream for fire fighting, 


Section through hull showing installation of Hydrojet propulsion unit 
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cleaning and siphoning bilge water. 
The first commercially available 
units will be powered by a 61-hp 
Kermath Sea Jeep engine. Larger 
models are expected to follow. 





Underside of hull shows water dis- 
charge pipe and inlet screen 


Research Discloses 
Transitions in Teflon 


Teflon (polytetrafluoroethylene ) 
has been found to have three poly- 
morphic forms within the range of 
10 to 80 C at pressures between 1 
and 10,000 atmospheres. Two dif- 
ferent transitions between phases 
may occur at room temperature 
depending on the pressure to which 
the material is subjected. Because 
these transitions are always ac- 
companied by sharp changes in vol- 


177 





ume, the designer should give care- 
ful consideration to this property 
of Teflon when dimensional sta- 
bility is required. 

The first of these transitions oc- 
curs at about 20 C or room tem- 
perature at atmospheric pressure 
and is accompanied by a 1 per cent 
change in volume. The other room 
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Phase diagram shows three transi- 
tion lines for Teflon which separ- 
ate the chart into three pressure- 
temperature regions. Teflon exists in 
a different polymorphic form, desig- 
nated I, II or III in each region 


temperature transition takes place 
at 25.5 C at 5500 atmospheres 
pressure and involves a volume 
change of about 2.5 per cent. 

This information is the result of 
research conducted by the National 
Bureau of Standards. Further 
technical details are contained in 
NBS Research Paper RP2395, ob- 
tainable for five cents from: Su- 
perintendent of Documents, U. S. 
Government Printing Office, Wash- 
ington 25, D. C. 


Expanding Mandrels Form 
Large Contoured Components 


A new expand forming technique 
for fabricating aluminum and stain- 
less - steel sheet - metal parts has 
been developed by Ryan Aeronau- 


tical Co. Originally employed for 
production of large external wing 
fuel tanks, the method is being ex- 
tended to the manufacture of large 
components for General Electric 
jet engines and other turbine pow- 
er plants. The new forming proc- 
ess is accomplished by the use of 
huge expanding mandrels on the 
largest machine tool of its type. 
The machine is 17% feet tall, 
weighs 34,000 pounds, and exerts 
a force of 4800 tons. 

Ryan’s new technique permits 
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Purdue and MACHINE DESIGN Sponsor Mechanisms Conference 


To promote better understand- 
ing, design and application of me- 
chanisms in machines among 
draftsmen, designers and other en- 
gineering personnel, the First Con- 
ference on Mechanisms, sponsored 
by MACHINE DESIGN and Purdue 
University, will be held at Purdue 
University on October 12-13, 1953. 
Papers to be presented at the four 
sessions of the two-day conference 
will deal with Mechanisms Today, 
Mechanism Problems in High- 
Speed Design, Procedures in Mech- 
anism Design and Applications of 
Mechanisms in Automatic Ma- 
chinery. 

The conference planning com- 
mittee consists of the following 
representatives of industry: W. R. 


Spiller, vice president of engineer- 
ing, Harris-Seybold Co., W. A. 
Witham, executive engineer, Miehle 
Printing Press and Mfg. Co., M. 
S. Curtis, vice president of engi- 
neering, Warner and Swasey Co., 
G. B.Carson, secretary, Selby Shoe 
Co., W. A. Patzer, president and 
chief engineer, ABT Mfg. Co. and 
R. G. Zuefle, chief engineer, Ameri- 
can Machine and Foundry Co. Pro- 
fessors E. S. Ault and A. S. Hall, 
Purdue University, with B. L. Hum- 
mel and R. W. Bolz, associate edi- 
tors of MACHINE DESIGN, complete 
the committee. 

Complete details of the program 
including procedure for advance 
registration will appear in the 
August issue of MACHINE DESIGN. 
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precision forming of large con- 
toured closed sections to exact di- 
mensions which meet requirements 
for smooth contours and close tol- 
erances important in supersonic 
jet-propelled aircraft. Contoured 
components a.e fabricated by roll- 
ing the sheets into cone shapes, 
which permits maximum forming 
with least elongation, and welding 
these cones automatically. Fusion 
welds join the metal edges in a 
single thickness bond of uninter- 
rupted metal. Sections are then 
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Expanding mandrel with 1200-ton 
force forms huge aluminum alloy 
sections for external wing tanks 


placed over the segmented shoes 
of the expanding mandrel and 
stretched into shape. Sections are 
designed slightly smaller than re- 
quired so they can be stretched to 
exact dimensions. 

Unlike hammer deformation or 
spin-forming methods, the new 
technique does not produce the 


warpage typical of hammer form- 
ing, which causes an “oil can” ef- 
fect, and it avoids thinning and 
consequent weakening of the metal 
as sometimes occurs in spinning 
bell-shaped sections. Economy is 
also a feature, since the aluminum 
shoes used for forming to different 
contours are less expensive than 
other types of tooling, and no ex- 


ROTATING SHEAR: Capable of 
cutting mild steel up to 1 inch thick 
and 4 feet long, this Cincinnati 
Shaper Co. shear is mounted on a 
turntable to eliminate as much han- 
dling of large plates and coiled 
stock as possible. A circular rack and 
pinion provide for rotation to 90 
degrees either side of center. The 
shear weighs 42,000 pounds and op- 
erates at 30 strokes per minute 
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Largest = mandrel, showing 

entire machine, nine-tenths of which 

will be below floor level when per- 
manently installed 


cess material is wasted as flash to 
be trimmed away. 

Source of the mandrel’s power is 
a huge hydraulic ram. Forming 
the central assembly, an 18%- 
foot-diameter hydraulic cylinder 
contains the large piston. Hy- 
draulic fluid under 5000 psi pres- 
sure is forced into this cylinder. 
As it descends, the piston pulls a 
heavy shaft connected to a tapered 
pin at the top of the machine. 
This pin expands a set of eight 
large nickel-iron segments with 
aluminum alloy shoes which fit 
snugly around its circumference. 
The cone shaped jet engine com- 
ponents are placed over these shoes 
where the radial force of 4800 tons 
stretches them into size and shape. 


Nickel Tubing Aids 
Sounding Equipment Design 


Magnetostriction, a property 
which pure nickel possesses, is util- 
ized in recently developed echo- 
sounding equipment for transmis- 
sion and reception of supersonic 
waves from a ship’s hull to and 
from ocean bottom or submerged 
object. This RCA equipment con- 
sists essentially of a transducer, or 
projector, which is encased in a 
heavy iron housing and is connect- 
ed alternately to an energy source 
and indicating or recording instru- 
ments. The transducer sends a 
pulse of energy in the form of su- 
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personic waves to the ocean bottom 
and receives the echo of the pulse 
when it bounces back to the hull of 
the ship, elapsed time between 
transmission and reception of the 
waves indicating depth at that 
point. 

The transducer’s pulse of energy 
is originally an electrical signal, 
which is converted into supersonic 
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waves by the vibration of a metal 
diaphragm. In earlier equipment, 
the diaphragm was vibrated by 
means of piezo-electric crystals, 
which change dimension when elec- 
trically charged and generate elec- 
tricity when pressed or squeezed. 
The more rugged magnetically po- 
larized nickel, when placed within 
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Transducer in heavy iron housing 
converts electrical energy to super- 
sonic waves. Elapsed time required 
for waves to travel to ocean bottom 
and return is proportional to depth 


a coil carrying alternating current, 
vibrates longitudinally at the fre- 
quency of the current. Nickel could 
also be used to convert supersonic 
waves echoing back to the ships 
into electrical energy. 
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Nickel supplied by Superior 
Tube Co. in the form of seamless 
tubing reduces the amount needed 
of this somewhat expensive mate- 
rial and effects savings in weight. 
Also, slots are cut longitudinally in 
each tube throughout most of its 
length, reducing magnetic flux loss. 
The tubing is cold drawn to 34-inch 
OD by 0.020-inch wall thickness, 
cut to length and soldered into 
countersunk holes in the dia- 
phragm plate. Length of the tub- 
ing is one-fourth the wave length 
of the alternating current signal, 
this length giving a very large am- 
plitude of vibration with a small 
amount of electrical energy. 

In the equipment illustrated, the 
plate contains 70 lengths of nickel 








tubing, each of which is surround- 
ed by a coil. When the equipment 
is in operation, the tubes vibrate si- 
multaneously to produce a piston 
effect on the diaphragm, creating 
supersonic waves which measure 
the depth of water. 


Small Atomic Pile 
Provides Research Medium 


Measuring only 5 feet on a side, 
a small atomic pile was recently 
placed in operation as a research 
tool at the Knolls Atomic Power 
Laboratory operated by General 
Electric Co. for the Atomic Energy 
Commission. Although this low- 
energy reactor cannot be used for 
making plutonium or for the pro- 
duction of atomic power, it is a 
useful source of neutrons which 
can be utilized in many fields of 
fundamental research. 

A unique feature of the reactor 
is an internal “thermal column,” 
where the neutron flux is much 
greater than in the fuel region sur- 
rounding it. Fundamental proper- 
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EXPERIMENTAL AIRCRAFT, PAST AND 
PRESENT: Both the orthodox and unique 
are present in this array of aircraft first 
flown at the Experimental Flight depart- 


ment of Consolidated Vultee Aircraft Corp. 
at San Diego. The flying auto (1), air 
car (2), Stinson Sky Coach (3) and con- 
trollable wing craft (4) appear to be at- 
tempts to make an airplane “roadable” (or 
an automobile “flyable”). More recent mod- 
els are the XF-92 (5), world’s first delta 
wing plane, the XP5-1 turboprop seaplane 
(6), the XB-46 jet-powered bomber (7) and 
the turboprop powered Turbo-Liner (8) 














ties of the various kinds of atoms 
which are placed in this column 
can be determined quickly and 
easily. Thus the reactor can de- 
tect minute amounts of many ele- 
ments—quantities considerably be- 
low the capabilities of ordinary 
methods of analytical chemistry. 
At comparably low reactor power 
levels, it can also make small quan- 
tities of radioactive forms of ele- 
ments that are ordinarily nonradio- 
active. 

The new thermal test reactor, 
which is inside a cell surrounded 
by a 6-foot-thick concrete wall, 
consists fundamentally of a cube 
made of blocks of graphite, with 
the atomic fuel in an 18-inch alu- 
minum tank inside a cylindrical 
hole in the center of the graphite. 
Fuel is “enriched” uranium, in 
which the amount of fissionable 
U235 has been increased. Only 
about 6 pounds of such fuel are 
required. 

In operation, splitting of the 
U235 atomic nuclei releases neu- 
trons at high speed. Passing 
through the graphite, which serves 
as a “moderator,” the neutrons are 
slowed to “thermal” speeds of 
about a mile per second, the same 
as those of oxygen and nitrogen 
atoms in the air. Some of these 
thermal neutrons, hitting the ura- 
nium fuel elements, cause fission of 
more U235 nuclei, thus maintain- 
ing the chain reaction. 

Fuel is contained in 2-inch disks 
of an alloy of uranium and alumi- 
num, strung on rods and kept apart 
by plastic separators. Each rod, 
which is about 18 inches long, is 
hung in a can containing a light 
paraffin base oil. Twenty such 
cans are arranged in a circle, with 
water between them. 

In the middle of this ring of fuel 
cans is a graphite cylinder 12 inch- 
fs in diameter, with a test hole in 
the center. Materials to be tested 
or exposed to neutrons are placed 
in this hole and subjected to a 
strong neutron bombardment as 
the reactor is operated. 

Control of the reactor is ac- 
complished with rods and sheets of 
cadmium which can be lowered into 
the fuel assembly, absorbing neu- 
trons and so preventing them from 
carrying on the chain reactions. 
Other safety rods drop into place 
automatically when needed. 
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Sintered Nylon Bearings 
Operate Without Lubrication 


Sintered nylon bearings in a re- 
cent test withstood 18 months of 
continuous use without any visible 
evidence of wear and without any 
lubrication except for the few 
“break-in” drops of oil applied at 
the time of installation. Six of 
the new type bearings, first an- 
nounced less than a year ago, were 
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13 - STORY - HIGH FURNACE: 
Artist’s drawing of a furnace being 
built by Westinghouse which will 
have a 130-foot vertical tower and 
will be used to heat-treat long ex- 
truded aluminum shapes used pri- 
marily in the manufacture of air- 
craft. Pieces 110 feet long will be sus- 
pended in the tower for specified per- 
iods of time, and at the end of the 
heat bath, will be quenched in a 
water-filled pit of the same depth. 
Temperature difference between top 
and bottom of the tower will be 
held to a maximum of 5 degrees by 
maintaining a high rate of air cir- 
culation. The furnace is scheduled 
for completion in about a year 


installed in place of bronze bear- 
ings on the conveyor belt roll feed 
and horizontal backshaft of a ma- 
chine which has been in operation 
40 hours a week since installation. 

All six bearings were made from 
Nylasint molding powder, Type 66, 
a finely divided nylon powder sup- 
plied by National Polymer Prod- 
ucts Inc. Four bearings used on 
the conveyor belt roll feed are 14- 
inch ID, %-inch OD and %-inch 
long, with a 34-inch OD flange at 


JET COMBUSTION STUDY: Miniature shock waves similar to those cre- 
ated by an atomic blast aid engineers in the study of jet engine combustion 
processes. The shock waves are produced by General Electric engineers in 
a shock tube composed of two chambers which have glass windows for high- 
speed photographic observation. Pressure is built up in one chamber and re- 
leased in the other. A thin diaphragm separates the chambers, and when this 
diaphragm is punctured, the difference in pressure sends a shock wave the 
length of the tube at supersonic speed. The camera records the shock wave 
for future study of the effect of the waves on combustion processes 





one end. Each one had a 0.001- 
inch press-fit in a steel housing. 
The roll feed operates at 460 rpm 
under a light load with 0.003-inch 
clearance. Two stationary bear- 
ings used on the horizontal back- 
shaft measure 5/16-inch ID, %- 
inch OD and %-inch long, and are 
press - fitted approximately 0.001- 
inch into small steel blocks, The 
shaft operates at 250 rpm under a 
very light load with 0.0015-inch 
clearance. 

The powder used in making the 
nylon bearings is produced by a 
chemical process that makes the 
material suitable for cold pressing 
and sintering. It lends itself read- 
ily to the production of sintered 
nylon bearings, gears, cam rollers, 
valve seats and other industrial 
products. Laboratory and field 
tests indicate that bearings made 
by cold pressing and sintering ny- 
lon powder have an unusually low 
coefficient of friction and show 
promise for use in frictional appli- 
cations where operation without 
lubrication is required. 


Competition Returns 


To World Steel Market 


The world market for steel is 
now going through a change and 
is becoming competitive again, ac- 
cording to Michael J. Layton, head 
of the International Relations De- 
partment of the British Iron and 
Steel Federation. In a speech be- 
fore the general meeting of the 
American Iron and Steel Institute 
Mr. Layton declared that the pro- 
duction of steel in western Europe, 
which reached a rate of over 71 
million net tons a year in the first 
quarter of this year, appears to be 
overtaking demand. 

In the United States, as well as 
in Europe, new plants should soon 
raise production to a level which 
will meet domestic demand and 
make possible re-entry into the ex- 
port market. In Europe, capacity 
this year and next should be well 
ahead of requirements. Raw ma- 
terials, although unable to keep full 
capacity going, will probably be 
more than sufficient. The market 
is becoming competitive again, and 
prices, cartels and other market 
arrangements are reappearing, 
says Mr. Layton. 
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Resembling a swept-wing jet fighter, the Regulus guided missile may be 
launched from sub, ship or shore. Jato units are used to provide additional 
thrust for launching 


New Guided Missile 
Launched by Sub 


The existence of a guided missile 
which may be launched from a 
submarine as well as from surface 
ships or shore installations was re- 
cently announced by the Depart- 
ment of Defense. Named the Regu- 
lus after a star of the first magni- 
tude in the constellation Leo, the 
missile was developed by Chance 
Vought Aircraft Div. of United 
Aircraft Corp. under the sponsor- 
ship of the Navy Bureau of Aero- 


nautics. In appearance, Regulus re- 
sembles a swept-wing jet fighter. 
The 30-foot-long missile has com- 
pleted operational tests and is now 
in production, Performance data 
have not been released; however, 
performance is said to exceed de- 
sign specifications. 

A World War II submarine, the 
Tunny, has been modified to launch 
the Regulus. In addition to the 
installation of a tank for stowing 
the missile and a launching rack, 
the Tunny has been modernized by 
adding a snorkel and streamlining 
the hull and conning tower. 
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Miniature Device 
Controls Jet Engines 


Similar to a miniature jet engine, 
a new instrument makes the opera- 
tion of high-speed jet aircraft cas- 
ier and safer. Replacing compli- 
cated electronic equipment, the So- 
lar Aircraft Co. Microjet control 
directly senses engine pressures 
and quickly compensates for varia- 
tions in pressure. 

When in action on a jet engine, 
the pneumatically operated device 
computes the correct turbine dis- 
charge pressure under all flight 
conditions and at the same time 
notes any error between the actual 
engine pressure and correct en- 
gine pressure. If there is an error, 
the Microjet automatically sends 
out electrical signals to other en- 
gine controls which correct the 
pressure conditions. Pressure vari- 


ations are recognized in 0.01- 
second. 

To be used by Westinghouse on 
J46 jet engines and by other com- 


panies for testing and experimental 


purposes, the new control is claimed 
to have important applications on 
modern aircraft engines. Various 
industrial uses are also being ex- 
plored. 
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MACHINE DESIGN Wins 
Top Editorial Award 


Known as the “highest award in 
business publication journalism,” 
the bronze plaque of the Industrial 
Marketing editorial achievement 
competition has been won by MA- 
CHINE DESIGN for the October, 1952 
issue on Engineering Materials, 
which was judged the year’s “best 
single issue.” In the same com- 
petition MACHINE DESIGN also won 
three second-place certificates of 
merit, one for Dorian Shainin’s 
recent articles on “Quality Control” 
(best series), one for the 1952 
front covers (best graphic pres- 
entation), and one for Jack 
Greve’s April, 1952, article on 
“Electric Motor Drives” (best orig- 
inal research). The four awards 
were presented to Colin Car- 
michael, Editor, during the con- 
vention of the National Industrial 
Advertisers Association in Pitts- 
burgh, June 22-25. 

In winning four awards in a field 


of 515 entries, MACHINE DESIGN 
is the only design publication to be 
so honored this year. Last year 
MACHINE DESIGN was awarded two 
bronze first-place plaques in this 
same competition, one for the 1951 
April issue (best single issue) and 
one for Randolph Chaffee’s article 
on “Evaluating Engineers” (best 
single article). 


TURBOCHARGED COMPRESSOR: A unique two-cycle, right-angle, gas- 
engine driven unit boasts high thermal efficiency and economy of operation. 
Designated Model TRA by Clark Bros. Co., it produces 50 per cent more 
power than nonturbocharged units of comparable bore and stroke and re- 
quires 25 per cent less cooling water per bhp. Turbocharging converts waste 
heat, velocity and mass flow of exhaust gases to driving force for a radial 
inflow turbine. The turbine is integrally connected to a centrifugal com- 
pressor which pumps air for scavenging the power cylinders and also pro- 
vides air for combustion 
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New American Standard 
To Help Control Noise 


Claims totalling $2 billion for 
deafness due to excessive indus- 
trial noise are in the courts today. 
Noisy machines are creating acci- 
dents because warnings and in- 
structions are not heard or are 
misunderstood. Sales resistance to 
noisy machines is naturally devel- 
oping. 

The first step was taken recent- 
ly in solving the most urgent noise 
problem — measurement of the 
noise. As a result of a research 
program, a committee of the Amer- 
ican Standards Association has de- 
termined that measurement of over- 
all noise level is not adequate, since 
damaging effects also vary with fre- 
quency. Low frequency noise has 
much less harmful effect than 
high frequency noise of equal in- 
tensity. To promote uniformity of 
analysis, a new American Standard 
Specification, Z24.10-1953 for an 
Octave Band Filter Set for the 
Analysis of Noise and Other 
Sounds, has been prepared. Such 
an analyzer divides the audible 
spectrum into eight bands. 

A subcommittee of ASA com- 
mittee Z24 is presently analyzing 
available information to derive 
criteria with which to compare 
sound level measurements in order 
to determine whether or not sound 
level is excessive. If this compari- 
son shows the need for a reduc- 
tion in noise, changes in a noisy 
machine can then be made to ac- 
complish the reduction. 


Alloy Steel 
- Develops New Strength 


Heat treating and processing 
procedures recently perfected by 
Lockheed engineers make possible 
the effective use of standard, deep- 
hardening 4340 steel with a tensile 
range of 260,000 to 280,000 psi. 
Formerly utilized at 180,000 to 
200,000 psi, 4340 steel achieves 
maximum efficiency at the new, 
higher strength level. 

Such vital aircraft parts as car- 
go and passenger plane landing 
gear are now being made stronger 
and lighter through use of the 40 
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per cent higher tensile strength. 
The increase in the metal’s 
strength, coupled with a 23 per 
cent weight saving over the con- 
ventional heat-treated steel in com- 
parable cross-section structures, 
makes possible greater payloads 
for commercial transports. 


First phase of a standard heat- 
treating cycle adopted for all parts 
includes normalizing of the mate- 
rial at approximately 1600 F to 
produce a homogeneous structure 
with complete solution of carbides. 

Austenitizing is accomplished by 
heating the material to 1500 F, a 
temperature which keeps the re- 
tained austenite to a minimum 
upon quenching in oil. Parts 
ranging from more than 1',-inch 
to 1 inch diameter are heated for 
45 minutes and then held for ap- 
proximately one hour. Parts from 
1 to 2 inches diameter are heated 
for approximately 1144 hours and 
held for 2 hours. Drawing is per- 
formed for 4 hours per inch of 
cross section, with a 4-hour min- 
imum, at temperatures of 400 to 
500 F. 

As a final thermal operation, all 
parts are heated at approximately 
250 F for 24 hours to stabilize any 
residual austenite. 


Teflon-Faced Rails 
Protect Conveyed Products 


Damage caused by adherence to 
and abrasion of conventional guide 
rails of mechanical conveyors can 
be largely eliminated by the use of 
new Teflon-faced steel guide rails. 
A method of cementing the plastic 
to steel plate is a development of 
the Fluorocarbon Products Div. of 
the United States Gasket Co. The 
Teflon surface of the rails is %- 


inch thick, and the steel backing 
plate is 4-inch or thicker, depend- 
ing on requirements. The rails are 
available in any width and in sec- 
tions up to 36 inches long. 


Teflon, called the slipperiest plas- 
tic known to science, is also chem- 
ically and biologically inert, taste- 
less, odorless, noncontaminating 
and long wearing. 


PRINTED CIRCUITS: The glass 
negative being inspected by an RCA 
technician will be used to photo-etch 
electronic components in a new 
process quite similar to that used to 
make the plate from which this pic- 
ture was printed. Copper-clad sheets 
of plastic are coated with a special 
emulsion, exposed and etched to 
give a —— positive. The process 
will faithfully reproduce circuits 
having line widths of 0.01-inch and 
any number of identical circuits may 
be made from one negative 


Aluminum Radiators 
Predicted for Automobiles 


Research by automotive and alu- 
minum manufacturers will lead to 
greater use of this metal in motor 
vehicles of all types, according to 
the Aluminum Association, and the 
use of aluminum radiators is ex- 
pected to become economically feas- 
ible in the forseeable future. One 
manufacturer has 35 such radiators 
in use, all of which have been op- 
erating satisfactorily for over a 
year under severe conditions, with 
individual mileages ranging up to 
30,000 and more. 

Much of the research on this use 


of aluminum has been aimed to- 
ward developing the best method of 
fabrication. A brazed assembly 
promises to serve satisfactorily, 
since it can be operated at all cool- 
ing system pressures currently be- 
ing considered, a _ characteristic 
which has been in demand by auto- 
mobile manufacturers. Other pos- 
sible methods of fabrication are 
also being investigated, including 
soldering aluminum fins to alumi- 
num or brass tubes. 


Largest Mechanical Press 
For Auto Chassis Frames 


To produce side rails with less 
camber, or “bow,” automobile chas- 
sis frame manufacturers seek in- 
creasingly heavier presses, which 
operate with less deflection in the 
bed and slide. Such a press is in 
production in the Cleveland plant 
of Midland Steel Products Co. Built 
by Baldwin-Lima-Hamilton and 
weighing 1.8 million pounds, it is 
reportedly the largest mechanical 
press ever built. 

Design of this press incorporates 
“negative deflection,” which makes 
possible a reduction of weight in 


the bed and slide. When loaded to 
4000 tons—the nominal pressure 
capacity—no relative deflection oc- 
curs in the bed and slide. As a re- 
sult, the formed side rail is per- 
fectly straight. 

Construction of the frame is the 
conventional four pieces, but in- 
stead of the tie rods being heated 
and shrunk in the usual manner, 
they are cold stressed with hydrau- 
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SLEEVE 
BEARINGS 
SOLVE MANY 
SPECIFIC 
PROBLEMS 


4 sleeve bearing is basic in principle 
for most applications man’s genius has never invented 
any device to replace it. For instance, every internal com- 
bustion engine is dependent on it, and the majority of 





industrial equipment is, too. But modern requirements, 
high speeds, higher loads, and changing designs have 
called for new sleeve bearings. Johnson Bronze, alert 
to the demands of new engineering trends, is produc- 
ing Johnson Modernized Sleeve Bearings, capable 

of giving the utmost service under these modern 
conditions. Aluminum bonded to steel is one of 
them. Copper-lead bronze-on-steel is another. New 
materials, new combinations of materials and 

new designs are meeting many new require- 


ments. If you have a specific sleeve bearing 
problem, perhaps a Johnson engineer can help 
you. Write for an appointment 


JOHNSON BRONZE COMPANY 
525 South Mill Street, New Castle, Pa 


EARINGS 


JOHNSON BRONZE PRODUCES ALL TYPES OF SLEEVE a 
ALUMINGN-ON-STEEL « CAST ALUMINUM ALLOY + BRONZE-ON-STEEL, « 
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* STEEL BACK, babbitt lined - BRONZE BACK, babbitt lined - Cie Mae ain 
aegis ° SHEET BRONZE, plain or graphited + LEDALOYL powder metallurgy 
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lic jacks. Thus stress in the rods 
is predetermined, offsetting work- 
ing stresses in the press. 

Bed of the press is equipped with 
six 42-inch diameter air cushions, 
providing 415 tons pad pressure 
with air at 100 psi. Air cushions 
were selected because their strip- 
ping power is always equal to their 
drawing power. The six cushions 
are linked together, and the six op- 
erating valves are controlled by one 
pilot valve; therefore the cushions 
function as a unit at all times. 


Jet Trainer Design Permits 
Engine Interchangeability 


Winner of a recent design com- 
petition conducted by the Ajir 
Force, the Ryan T-59 primary 
phase jet trainer may be powered 
by an Allison 520-C1 or two French 
Marbore 351 jet engines. Also, the 
design is flexible enough to accom- 
modate any jet power plant in the 
same power class which may be 
built in the near future. 

Purpose of the new trainer is 
to provide dual instruction for stu- 
dent pilots making the transition 
from relatively slow aircraft pow- 
ered by reciprocating engines to 
high speed jets. Performance of 
the T-59 fills the gap between the 
two. Maximum speed is 427 mph 
at sea level and 438 mph at 35,000 
feet when powered by the 520-Cl 
engine, or 410 mph at sea level and 
428 mph at 35,000 feet when two 
Marbore engines are used. 






































GIANT GATE VALVE: Made en- 
tirely of 18-8 stainless steel, this 
valve is 19 feet high and weighs 9 
tons. One of the world’s largest, the 
valve was made recently by the 
Chapman Valve Mfg. Co. to handle 
water contaminated with highly cor- 
rosive agents. 


Cutaway, above, shows side-by-side cockpit arrange- 
ment of Ryan T-59. Two 100-gallon wing tanks 
would be alternate equipment to extend range 


Either an Allison 520-C1 or two Marbore jet engines 
may be used to power the Ryan T-59, left 






Organize National 
Fluid Power Association 


The National Fluid Power As- 
sociation was organized recently 
following a meeting of 45 compan- 
ies in the fluid power field—con- 
sisting essentially of manufacturers 
of fluid power components, such as 
hydraulic and pneumatic valves, 
cylinders and pumps. 

Among the stated purposes and 
objectives of the association are 
participation in activities which 
may further the application of 
fluid power to the machines of in- 
dustry, co-operation with joint in- 
dustry committees to advance per- 
formance and application of fluid 


















“We have nothing but the great- 
est respect for your work, Jones 
—absolutely nothing.” 
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A NEW KIND OF SEAL keeps gases, 


liquids, dirt in or owt. In the picture, 


it is used to seal a curtain that keeps 
fumes from an airplane’s engines out 
of the forward compartment. Getting 
inside in a hurry was often as important 
as sealing out the fumes. Other methods 
of sealing called for screws or other 
fastenérs. They took time to remove. 
The new B. F. Goodrich Sealing Zipper 
did both jobs—sealed tight, opened fast. 

Here’s how it works: Rubber lips are 
molded with hairline precision so that 
they fit together tightly. They press 
together even without pressure to seal 
effectively. And with pressure against 


B.E Goodrich 


Airtight, Watertight 
Sealing Zipper 
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New zipper seals tight, zips open fast 


the lips, the seal actually tightens. The 
rubber seal is applied to an ordinary 
zipper which zips open or shut in a hurry. 


The B. F. Goodrich Sealing Zipper 
is so flexible it goes around curves and 
odd shapes where clamps won't work. 
Can be made of compounds to resist 
weather, oils, gasoline, chemicals. Can 
be sewn or cemented to fabric, metal, 
wood, glass. The rubber can be made 
to match any color. Production costs 
are often reduced because the zipper 
is so easy to install. 


It has been used in life-saving suits, 


OVERLAPPING RUBBER LIPS IN 
THIS CROSS SECTION SHOW 
HOW ZIPPER SEALS 






Cee oS 


to seal delicate instruments against 
moisture, to seal lifeboats against sea 
water, to seal auto convertible tops 
against rain. Write for complete details, 
sending blueprints or specifications of 
your products to Dept. A-40 or send 
coupon below. The B. F. Goodrich 


Company, Zipper Division, Akron, Ohio. 


| Send Now for Free Folder 
Gives case histories, design advantages, suggested uses. 


| The B. F. Goodrich Company 
Dept. A-40, Akron 18, Ohio 
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power components, and the ad- 
vancement of knowledge and un- 
derstanding in the field. 

John C. Hanna, vice president of 
Hanna Engineering Works, was 
elected chairman of the new asso- 
ciation. Headquarters office has 
been established at 1618 Orrington 
Ave., Evanston, III. 


Titanium Resists 
Galvanic Corrosion 


Experiments made to determine 
the galvanic corrosion behavior of 
titanium under varying conditions 
prove that the new metal is highly 
corrosion resistant when coupled 
with other metals. Galvanic corro- 
sion tests in which titanium, made 
in the Bureau of Mines laboratories, 





ee . 2 
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pt em AUTOMATION DISPLAY: The motor truck above is 
actually a display room on wheels. Developed by the Standard Control Di- 
vision of the Westinghouse Electric Corp. to take displays of control equip- 
ment directly to design engineers at the plants where they are employed, 
it is now visiting plants in the Middle West. It is expected that the 11/4 hour 
demonstration program will be given at 350 plants over a period of 14 
months. Operation of a control system is being explained below 


was joined to other metals in acid 
and salt solutions show that ti- 
tanium does not corrode when 
coupled with magnesium, zinc, alu- 
minum, iron, copper or stainless 
steel in a 3 per cent sodium chlor- 
ide solution—nearly the same as 
sea water. 

Titanium corrodes when coupled 
to copper in sealed bottles contain- 
ing various concentrations of hy- 
drochloric acid aerated by helium. 
When air is substituted for helium, 
however, the copper corrodes and 
the titanium is protected. Adding 
dissolved copper to the solution in- 
creases corrosion resistance of the 
titanium. 

Detailed results of the experi- 
ments are given in the Report of 
Investigations 4965, Certain As- 
pects of the Galvanic Corrosion 
Behavior of Titanium, a free copy 
of which can be obtained from the 
Bureau of Mines, Publications Dis- 
tribution Section, 4800 Forbes St., 
Pittsburgh 13, Pa. 


Neg ‘ator Exerts 
400-Pound Force 


Formed for a military application 
by the Hunter Spring Co., the larg- 
est constant-force spring ever pro- 
duced exerts a force of 400 pounds 
throughout a distance of 75 feet. 
Made of a single section of stain- 
less steel 84 feet long, 10 inches 
wide and 0.10-inch thick, and 
formed by prestressing flat spring 
material so that its unstressed con- 
dition is a tight coil, the large 
neg’ator has an energy storage ca- 
pacity of 30,000 ft-lb. 

A short length of the large 
neg’ator is shown as a double-coil 
clamp, on top of which rests the 
smallest neg’ator yet made, having 
a force output of 11 ounces which 
remains constant through a dis- 
tance of approximately 1 inch. 
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Gear pumps go into equipment that must stand up to all kinds 
of rugged uses—heavy duty bulldozers, for example, where they 
provide the hydraulic power for the dozer blade. Makers of such THE 
: et ROTARY 
units can’t afford to settle for less than the best in vital compo- SEAL 
nents, and that’s why you find the top people in the field using PRINCIPLE 
Rotary Seals as their standard for shaft sealing with certainty. is the original approach to 
The practical value of the basic Rotary Seal principle has proved et yh = st 
out in the dozens and dozens of difficult and different applica- lem. Our booklet "SEALING 
1 tions for which it has been adapted with such great success. If WITH CERTAINTY" explains 
be : : : and illustrates the principle. 
4 you produce equipment of any kind, large or small, which has We're glad to send it to you 
: unusual or extra-tough operating conditions to contend with, without obligation. 
* call Rotary Seal Engineers in 
d mechanical at the drawing board stage of your next models. Often, 
i our exceptionally broad experience in many fields can 
z suggest the most practical design approach from a J 
, Shaft Sealing standpoint. Write today! | 


rotating 
shafts 
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Anchor Nuts 


Light in weight and having small 
envelope dimensions, these two 
self-locking anchor nuts are made 
with 4-40 and 6-32 size threads. 


They meet requirements of AN-N-5 
and AN-N-10 specifications. Nuts 
are similar except one has a dome 
which protects against wire chafing 
on screw threads in electrical as- 
semblies. Made by Nutt-Shel Co., 
811 Airway, Glendale 1, Calif. 


Fer more data circle MD-36, page 191 


Small Ac Motors 


The small motors in this series 
are precision units for special serv- 
ice applications. The stepped se- 
ries of 8 lamination sizes allows 
complete coverage from the small- 


est instrument service to medium 
power duty. There is great flexi- 
bility within each of the 8 frame 
diameters. In addition, they may 
be custom built to meet a manu- 
facturers requirements and speci- 
fications. Basic design and con- 
struction are particularly applic- 
able for operation on 400 cycles, 
however designs for operation at 
2 to 1600 cycles as well as variable 
frequency motors are also avail- 
able. Basic design variables are 
utilized to attain such types as 
precision servo motors, lightweight 
blower motors, pump and antenna 
motors, etc. Motors may be to- 
tally submersible, with a corrosion 
resistant finish, and can be de- 
signed to meet high temperature 
requirements. To make the motors 
particularly applicable for manu- 
facturers engaged in defense work, 
they have been designed to meet 
exacting military specifications. 
Made by Hertner Electric Co., 
12690 Elmwood Ave., Cleveland 
11, O. 


For more data circle MD-37, page 191 


Hollow Shaft Differential 


A hollow shaft differential of 
low inertia (0.0745 oz-in.), mini- 
mum backlash (0.10-in. max) and 
low weight (114 oz) has been de- 
veloped for use in computers. De- 
signed for high accuracy in addi- 
tive and subtractive operations, the 
mechanism will have primary ap- 
plication to angular or angular ve- 
locity sums and differences, and se- 


quence operations. The versatility 
of the hollow shaft design permits 
the axial positioning of the differ- 
ential on the shaft. It also facili- 
tates easy installation or removal 
of the differential from the shaft 


without differentia] or instrument 
disassembly. Shrink-on, safety- 
keyed side gears are available to 
specifications. Built with precision 
ball bearings the unit has an over- 
all axial length of 1 3/16 in. and 
receives a 3/16-in. diameter shaft. 
Made by Librascope Inc., 1607 
Flower St., Glendale, Calif. 


For more data rcle MD-38, page 191 


Waterproof Toggle Switch 


In addition to being waterproof, 
the switch is dust-tight, quickly 
and easily installed, functions from 


—65 to 165F, and withstands 
shock, vibration and salt spray, 
according to the manufacturer. 
The switch mechanism is encased 
in a rubber compound especially 
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developed and molded. A rubber 
boot acts as a waterproof seal 
around the toggle and between the 
mounting plate and the switch it- 
self. Continuous rating of the 
switch is 175 amp at 15 or 30 dc 
or 125 v ac. Maximum inrush ¢ca- 
pacity on any type of Joad is 500 
amp. Toggle and pole arrangement 
is SPST. 

In one of its ordnance applica- 
tions the switch is “ganged” in 
pairs to handle 300 amp. This is 





accomplished by using a gang bar 
attached to both toggles, which 
actuates them as a single toggle, 
and through the use of a connect- 
ing device between the poles to 
make them a common pole. The 
switch can also be wired in multiple 
as DPST and will be available 
shortly in a SPDT arrangement as 
well. Over-all dimensions are 244 
by 254 by 3% in. with the toggle 
extending 1 7/16 in. beyond the 
mounting plate at the top of its 
travel. Weight is approximately 
114 lb. Made by Riverside Mfg. & 
Electrical Supply Co., 10228 Mich- 
igan Ave., Dearborn, Mich. 
For more data circle MD-39, page 191 


Overload Release Clutch 


Universally applicable overload 
release clutch is fitted with an in- 
stantaneous trigger action and is 
designed to allow machines to re- 
sume operation at the exact cycle 
point of release. The clutch is dust 
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and dirtproof, and features per- 
manent lubrication, Standard mod- 
els cover a wide speed and shaft 
size range, however, special sizes 
can be ordered to specifications. 
Made by Overload Release Clutch 
Co., Dept. E, 1162 Stuyvesant Ave., 
Irvington, N. J. 


For more data circle MD-40, page 191 


Miniature Chain 


Available in sizes from 21 gage 
having 82 links per foot to 16 gage 
with 34 links per foot, this small 
chain is said to provide a quiet, 
economical, efficient and trouble- 
free method of drive or control. 
Regular or high tensile types are 
made to precision standards which 





virtually eliminate all variation 
even in chain as fine as 82 links 
per foot. Made by Hodell Chain 
Co., 3942 Cooper Ave., Cleveland 
3, O. 


For more data circle MD-41, page 191 


Synthetic Hydraulic Hose 


This flexible hose with full flow 
fittings for application in medium- 
high pressure hydraulic systems is 
said to be the first nonmetal-rein- 
forced hose to offer working pres- 
sures in the 1800 to 2300 psi range. 
This is accomplished by employing 
a tough compar tube and high ten- 
sile synthetic fiber-braid carcass. 
Compar also renders the hose im- 
pervious to hydraulic oils. In ad- 
dition, the all-synthetic construc- 
tion makes the hose assemblies 
fatigue-proof. As further evidence 
of this, the assemblies were sub- 
jected to the tough Military Stand- 
ard impulse test required for air- 
craft hose. Even though not re- 





quired, the hose was maintained at 
160 F during the tests. It is report- 
ed that there was no effect after 
147,000 shock impulses. These lines 
are being offered in 14, % and % 
in, ID. Physical pull strengths for 
these are 900, 2500 and 3500 
pounds respectively. It is made by 
Resistoflex Corp., Belleville 9, N. J. 


For more data circle MD-42, page 191 


General Purpose Pump 


An impeller design that improves 
priming qualities and increases 
pump output with the same power 
is an outstanding feature of this 
pump. The impeller, molded in a 
tough durable rubber, has 12 vanes 
which result in greater displace- 
ment and greatly improve pump 





priming. Sharp lateral wiping 
edges on each vane minimize fric- 
tion by reducing impeller drag, 
produce less unit wear and improve 
mechanical efficiency of the pump 
up to 15 per cent. Another advan- 
tage of the multivane impeller is 
the even continuous flow of liquid 
realized with the design. The pump 
is available in three models—1, 34 
and 1 in. port sizes. Pump case is 
rustproof bronze. A stainless steel 
shaft, replaceable unit-type seals 
and straight-through ports are 
used. Materials and design per- 
mit pumping of kerosene and fuel 
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oil. Dirty water can be pumped 
without clogging. Made by Hypro 
Engineering Inc., 404 N. Washing- 
ton Ave., Minneapolis 1, Minn. 

For more data circle MD-43, page 191 


Vibration Absorbing Mount 


Developed to cope with extreme 
vibration and acceleration char- 
acteristics in guided missile ap- 
plications, model 9302 double-act- 
ing all-metal Met-L-Flex mount is 
also adaptable to other uses. Fea- 
tures include nonlinear deflection 


characteristics, high damping abil- 
ity to withstand any condition of 
temperature and environment, and 
load ranges of 1 to 7 lb per mount. 
It is suitable for isolation of vibra- 
tion and shock for positive, nega- 
tive and radial loads. Made by 
Robinson Aviation Inc., Teterboro, 
N. J. 


For more data circle MD-44, page 191 


General Purpose Relays 


The CR2790-E series general pur- 
pose relays may be used as starters 
for small ac motors where motors 
have sufficient overload protection 
and are suitable for application in 
electronic equipment and air condi- 
tioners. Heavy silver contacts and 
braided shunts provide long life. 
Conversion units are available for 
metal and compound-base back- 
mounting, base receptacle and re- 


196 





lay jack-plug applications, and ex- 
plosion-proof enclosures for dust- 
tight and class 1, group D service. 
Relays are rated from 6 to 300 
volts; 60, 50, and 25 cycles, plus 
de; and 10-amp continuous contact 
rating. Contact arrangements in- 
lude double-pole_ single-throw, 
double-pole double-throw, and 
single-throw double-break. Manu- 
factured by Genera] Electric Co., 
Schenectady 5, N. Y. 
For more data circle MD-45, page 191 


Aluminum Alloy 


K155, a new magnesium-type alu- 
minum sheet alloy for general met- 
alworking reqiurements has the 
same general mechanical proper- 
ties as the manganese-type alloy 
3S but is expected to replace it in 
many applications because of ad- 
vantages deriving from its mag- 
nesium content. As compared with 
3S, K155 is well suited for taking 
anodized finishes as it shows less 
tendency toward structural streak- 
ing and has a clearer, lighter color 
after processing, that is free of the 
yellowish grey tinge of 3S or the 
brownish tinge of 52S. It closely 
matches the color of anodized 63S 
extrusions. With a nominal mag- 
nesium content of 0.9 per cent, 
K155 in the as-received condition 
does not have the dark coloration 
characteristic of the high magne- 
sium-containing alloys such as 52S. 
K155 is available in plate, flat 
sheet, coil and circle form in all 
tempers in the H1 and H3 groups. 
The H1 temper series is used for 
applications requiring relatively 
simple forming; the stabilized H3 
series is recommended where mod- 


erate or severe forming is involved. 
Mechanical property limits, availa- 
bility and tolerances are the same 
for K155 as for 3S. Made by Kai- 
ser Aluminum and Chemical Sales 
Inc., 1924 Broadway, Oakland 12, 
Calif. 


For more data circle MD-46, page 191 


Riveted Roller Chain 


Long wearing characteristics and 
ease of assembly and disassembly 
are combined in improved Baldwin 
assembly riveted roller chain. It is 
supplied in ASA standard and 
heavy series, in 1 through 2%-in. 
pitch sizes in multiple widths, and 
is offered in 10-ft lengths with 


Baldwin-Rex single pin coupler. 
Spacing of couplers varies with 
chain size, but they are placed in 
the assembled chain so that any 
length can be made up without cut- 
ting rivets or damaging parts. 
Made by Chain Belt Co., Baldwin- 
Duckworth Div., Milwaukee 1, Wis. 


For more data circle MD-47, page 191 


Variable Speed Control 


Electronic variable speed motor 
control systems up to and including 
3 horsepower models use special 
terminal block transformer con- 
struction, special cabinet design for 
wall or bench mounting, and plug- 
in assemblies for critical compo- 
nents. Electrical design utilizes the 
motor series field as a torque signal 
source in a patented feedback cir- 
cuit to provide constant system 
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Today, ADLAKE Relays are increasing efficiency and 
assuring dependable operation in timing and control 
circuits in many of the most exacting installations in 
industry! They are saving money by doing—year in 
and year out—the jobs that conventional relays can 
do in an uncertain manner at best! 


For instance, ADLAKE Relays have proved their ability 
to stand up under the most adverse conditions of tem- 
perature and moisture. Their time delay characteristics 
are fixed and non-adjustable . . . normal line voltage 
fluctuations or ambient temperatures from —38.8° to 
200° F. have no material effect on these characteristics. 


Yes, in chick incubators or diesel locomotives . . . wher- 
ever sensitivity and dependability are required .. . 
ADLAKE Relays can be counted on. Send for complete 
Relay catalog today . .. The Adams & Westlake Com- 
pany, 1173 N. Michigan, Elkhart, Indiana. In Canada, 
write Powerlite Devices, Ltd., of Toronto. 


EVERY ADLAKE RELAY IS TESTED— 
AND GUARANTEED—TO MEET SPECIFICATIONS! 





w of serviag the wenger rower , 
of burkding indesrrey 


Type 1040-44 ADLAKE Relay... available with time delay 
or load features and either normally open or normally closed 


vay m= Addams & Westlake <onras 


“Dy Established 1857 * ELKHART, INDIANA « New York « Chicago 
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Manufacturers of ADLAKE Hermetically Sealed Mercury Relays 

























New Parts 








torque capability. Controlled ac- 
celeration on many models allows 
use in applications of high inertia 
loads without placing excessive 
torque load on materials in critical 
processes. 

Fingertip controlled models for 
manual] speed selection at remote 








points are available, as well as a 
line of automatic Servospeed sys- 
tems for use in various industrial 
operations or processes. Automatic 


tension control, constant surface 
speed windup, and other automatic 
models are available, as well as 
memory type systems operating 
from magnetic tape recordings to 
follow previously determined time- 
speed sequences. Besides the many 
standard models, specialized de- 
signs to particular customer speci- 
fications are available from the 
custom design section of Servo- 
speed Div., Electro-Devices Inc., 
4-6 Godwin Ave., Paterson, N. J. 


Fer more data circle MD-48, page 191 


Floating Anchor Nuts 


Produced from tempered spring 
steel in 10-32 and 14-28 thread 
sizes, the F-5000 series of floating 
anchor nuts offers complete inter- 
changeability with fixed type an- 
chor nuts and complies in every re- 
spect with AN-N-5b and AN-N-10a 
specifications. Ful] 1/16-in. radial 








float facilitates assembly and elim- 
inates alignment problems. In the 
10-32 size, torque-out values in ex- 
cess of 80 lb-in. and push-out val- 
ues in excess of 400 lb are attained. 
In the 14-28 size, torque-out values 
in excess of 120 lb-in. and push-out 
values in excess of 500-lb are at- 
tained. The nuts can be used at 
temperatures to 550 F. Normally 
furnished cadmium -plated, but 
available in other finishes for spe- 
cial applications from the Kaynar 
Mfg. Co., 820 East 16th St., Los 
Angeles, Calif. 


For more data circle MD-49, page 191 


Hydraulic Cylinders 


Packing cartridge unit of this 
hydraulic cylinder is easily and 
quickly changed by removing the 
snap ring, usually without dis- 
mounting the cylinder. Cartridge 





is machined from leaded bronze al- 
loy and provides double bearing 
surfaces for the piston rod. Line 
of 2000-psi cylinders includes 11 
models in 11 bore sizes, built to 
JIC standards. Photo shows cross- 
section of cylinder and inset shows 
the packing cartridge. Made by 
S-P Mfg. Corp., 12415 Euclid Ave., 
Cleveland 6, O. 


For more data circle MD-50, page 191 


Relief Valve 


Composed of less than a dozen 
parts, the Anco Relief Valve 
maintains pressure of oil, water 
or chemicals at a predetermined 
setting despite changes in demand. 
At the same time it protects pumps 
by allowing flow through the 
pump which, since it is always a 
direct flow back to the reservoir, 
acts as a coolant for the pump. 












Valve seat is formed of two 
hardened steel pieces which are 
ground and lapped for long life. 
Normally, the Anco valve is pre- 
set at the factory to pressure 
specifications. Made in an in-line 
envelope with either internal or 
external adjustments and locking, 
or in a side-port envelope with ex- 
ternal adjustment and lock. Maxi- 
mum free flow through valves is 









equivalent to that of the pipe 


used. Produced in both aircraft 
and standard pipe sizes, it is very 
light—for example, weight of the 
in-line type relief valve for % 
in. aircraft tubing is approximate- 
ly 12 ounces. Made by Anco Inc., 
One Baker St., Dept. 28-B, Provi- 
dence 5, R. L 


For more data circle MD-51, page 191 


Hose Fitting 


Design of the Little Gem fitting 
for pneumatic and hydraulic hose 
reduces the compressive strain on 
the inner rubber or composition 
section of the hose tube, inhibiting 
flow of this material away from 





the compression zone even in high 
temperature applications. Only the 
reinforcing braid of the hose is 
clamped, while the fluid-tight seal 
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cas ion ever evisea:. \ 
the most efficient machine lubricatio | 
, | 
; Z MULTIPLIES Bearing Life! ing life and decreased product spoilage has paid for ! 
. installation after installation in a matter of weeks. i 
2 SLASHES Product Spoilage! This is a completely new, amazingly simple, system 
3 BOOSTS Machine Output! of lubrication. Easy to incorporate into new projects, { 
just as easy to use in modifying existing designs. 
It’s almost unbelievable, but the record proves it’s Oil-Mist applies a constant, clean, cool film of oil uni- | 
true! Oil-Mist has literally saved thousands and thou- formly to working parts—groups of bearings, slides, 
sands of dollars. Even more important is the equally chains, gears—wherever needed. And in the form 
impressive record of increased production. Increases needed—liquid, spray or mist. The lubricator has no 
impossible without this completely new conception of moving parts . . . operates on compressed air, is com- 
lubrication. This increased production, increased bear- pletely automatic, completely foolproof! 
° v 1 ‘ hielaehae ' 0 
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Alemite Oil-Mist offers these lubrication advantages 
Automatic Lubrication * Continuous Lubrication * Eliminates Guesswork * Greater Safety 4 f 
3 Cuts Oil Consumption up to 90% * Extension of Bearing Life * Stops Oil Drippage Genvers Ohi 
’ Reduction of Bearing Temperatures * Manpower Savings * Elimination of “Down-Time” 
Reduction in Number of Lubricants * Protection from Contamination to bearings 3 ways! 
LUBRICATOR SPECIFICATIONS: 1. OB-Aitee as Such. Most commonly ap- 
ergs - . : plied to any type of anti-friction bear- 
* Oil-Mist outlet 4%” fem. p.t. Air gauge registers to ; ball. roll edl 
50 psi. Operating air pressure — 5 to 20 psi. RG —~ SE, SONer ef NESS. 
* Air regulator (A) reduces from pressures up to 2. Oil in Spray Form. For open and en- 
200 psi. Normal air consumption —.7 to 1.2 cfm. closed gears and chains. Nozzle par- 
’ or. oils handled — to 1,000 sec. (S.U.V.) tially condenses mist so that it can be 
¢ Oil reservoir (B) capacity 12 oz. (approximately directed on to a concentrated area. 
1 week supply). Intake filter screen — 70 mesh. 3. Oil-Mist Condensed. For plain bear- 
Fill plug — %e”. in i 
: : : , : gs, slides, ways, vees, cams and roll- 
° Material — die cast aluminum body with nylon plastic ers. In these applications, condensing 
window. fittings convert oil-mist to liquid oil. 
* Baffle-type water separator (C) —automatic self-dumping. 
Requires no manual attention — no filter elements to replace. 
Air inlet 4%” fem. p.t. P 
* Solenoid Control (D) starts system automatically when machine starts Write Today! This Oil-Mist Catalog 
l — foolproof. and Engineering Data Book is FREE for 
, the asking. Write now for your copy. 
3 OIL * IST Alemite, Dept. R-73, 1850 Diversey 
5 e 7 6 Parkway, Chicago 14, Illinois. 
! Alemite Lubrication 
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is accomplished by separating the 
inner tube from the braid and using 
it as a lip seal in an annular cham- 
ber. Illustration shows (1) knife- 
like spur which automatically sepa- 
rates hose inner tube and reinforc- 
ing wire braid (2) reinforcing wire 
braid of the hose clamped between 
the nipple and the socket, and (3) 
hose inner tube seating in annular 
chamber to form a positive lip seal. 
Made by Aeroquip Corp., Jackson, 
Mich. 


For more data circle MD-52, page 191 


Germanium Diodes 


Germanium diodes, consisting of 
an inner housing of low-loss phen- 
olic material over which an outer 
housing of glass is assembled, are 
resistant to moisture, shock and 














3 


A Mane! Clip Pens 








vibration. Design affords electrical 
isolation from adjacent circuits. 
Retention of original whisker ad- 
justment is maintained by welded 
anchor pins. All types are avail- 
able from International Rectifier 
Corp., 1521 East Grand Ave., El 
Segundo, Calif. 


For more data circle MD-53, page 191 


Oil Coolers 


Use of longitudinal inner fins 
makes possible a more compact 
unit than has been possible previ- 
ously. Oil flows through the pa- 
tented Heat-X inner fins, which 
provide generous surface for cool- 
ing with minimum pressure drop. 
Various models are suitable for oil- 
side pressures up to 250 psi and 
temperatures up to 300F. Water 
side is suitable for pressures up to 
150 psi. The inner-finned element 


200 


is all copper and is removable for 
cleaning and replacement. Another 
feature is the use of synthetic rub- 
ber O-rings to provide positive 
seals and eliminate all packed and 
soldered joints. The entire unit 
can be disassembled for cleaning or 
replacement. Applications include: 
diesel and gasoline engines, hy- 
draulic presses, turbines, gears, 
compressors, hydraulic couplings, 
torque converters, transformers, 
etc. Made by The Heat-X-Changer 
Co., Brewster, N. Y. 


For more data circle MD-54, page 191 


Corrosion Resistant Paint 


NeoCoat is a new type of Neo- 
prene anticorrosion coating. A cat- 
alyst and a retarder is included in 
the mix to eliminate necessity of 
mixing on the job. After applica- 
tion the retarder leaves with the 
solvent and the catalyst cures the 
coating into a synthetic thick film 
having chemical and abrasion-re- 
sistant properties. Effective in cov- 
ering welds, beads, seams and edges 
where coatings most frequently fail. 
NeoPrime primer is applied before 
the NeoCoat is brushed or sprayed 
on surface. A true plastic, this 
coating is manufactured by Penn- 
sylvania Salt Mfg. Co., 1000 Widen- 
er Bldg., Philadelphia 7, Pa. 


For more data circle MD-55, page 191 


Meter-Relays 


Moving-coil relays with self- 
locking contacts have factory ad- 
justed accuracy within 2 per cent 
of the specified current or voltage 
for most values. Adjustment can 
be made at installation to improve 


the accuracy to better than 1 per 
cent. Operating on as little as 0.2- 
microamp, meter-relays are also 
made for 50 amp or for any inter- 
mediate value. In voltage ranges 
they offer a choice from 0.05-mv 
to 500 v. Higher values of voltage 


or current can be handled with ex- 
ternal resistors. The sensitivity is 
adjustable at installation over a 
wide range. These relays can be 
used on alternating current with 
the addition of a rectifier. Crystal 
diodes or instrument type copper 
oxide rectifiers are suitable. Rec- 
tifiers can be supplied internally or 
they can be mounted outside the 
relay. There is approximately the 
same range of voltage and current 
in ac relays. Normal contacts have 
ratings up to 100 de milliamperes 
for make only. Heavy duty con- 
tacts are rated 1 amp at 115 v ac 
or 32 v de for make and break. 
Make by Assembly Products Inc., 
P. O. Box 191, Chagrin Fails, O. 


For more data circle MD-56, page 191 


Self-Aligning Barrel Nuts 


Designated Series SL 6, these 
light, compact self-aligning barrel 
nuts are designed for application 
where highly concentrated loads 
are encountered. The nuts consist 
of three pieces: a 75S-T6 aluminum 
barrel; a threaded steel bushing; 
and a steel retainer. The ears on 
the base of the threaded steel bush- 
ing float in the slotted section of 
the retainer, thus providing the 
self-aligning feature. The knurled 
retainer is pressed in place and 
punch staked at four places. Shape 
of the lightweight barrel distrib- 
utes the load carried by the steel 
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lincher 
LOCKNUT 


Wherever VIBRATION 
HIGH TEMPERATURE 
up to 1600° 
CORROSION 
TENSILE STRENGTH 
RE-USABILITY 
are factors! 


ial — To meet the needs of designers for a single 
DISTRIBUTED %, na ; 
=." fastener combining all these stringent char- 


THREADS 
- acteristics, Klincher Locknut was developed. 


ELIMINATES i ° 
concen fl I - Punishment meted out to bolt connections 


¥ Gen LOCKING 


IN FIRST > 
te ae tas = on today's jet and conventional aircraft 
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= | engines, racing cars, Diesel engines and 
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equally severe applications, demands a lock- 











nut like Klincher. Its one-piece handling 











offers many production-line and mainte- 





nance advantages. 


Inquiries invited regarding specialized locknut 
probiems. Write for data and experimental samples, 


UNLOCKED | LOCKED giving size and application. 
--. BEFORE . AFTER 
TORQUE 


apy LK 


Lincher 
f tockwur corp. 


2153 HILLSIDE AVE. INDIANAPOLIS, INDIANA 
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Free Prevailing Shank Weld or Rivet Gang Channel 
Running Torque Nut Free Running Free Running 


National Fine and National Coarse Threads. 
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threads of the bushing into sur- 
rounding structure. Made with in- 
ternal thread sizes from 14-28 to 
¥-14 by Shurlock Corp., 9010 Bel- 
lanca Ave., Los Angeles 45, Calif. 


For more data circle MD-57, page 191 


Centrifugal Pumps 


Line of corrosion-resistant sani- 
tary and industrial centrifugal 
pumps are available in a complete 
range of sizes and capacities up to 
1250 gpm and up to 250 ft head at 


zero gpm. Pumps have screw impel- 
lers, carbon seals, lightweight 
heads, and Tri-Clamp casing con- 
struction. Designed to operate at 
1800 and 3600 rpm, these units can 
pump food products, beverages, 
drugs, chemicals in solution, brine, 
and paint. Made by Tri-Clover Ma- 
chine Co., Kenosha, Wis. 
For more data circle MD-58, page 191 


Bantam Size Speed Reducers 


Small, yet powerful, speed re- 
ducers are now available in the 
“Bantam” Series 10 line. Nominal- 
ly rated at 0.1-hp, these speed 
reducers contain high quality, 
hardened steel, 48 pitch gears. Over 


202 


600 different ratios are available. 
Only 2 7/16 in. high and 2% in. 
wide, these speed reducers can be 
used in very close quarters; they 
may be used for chart drives, com- 
puters, oscillographs, servomechan- 


eect a 


isms, etc. The 5/16-in. diameter in- 
line shafts make them easy to uSe 
in existing equipment. Anti-fric- 
tion bearings throughout plus a 
splash type oil bath insure long, 
dependable, trouble-free perform- 
ance. Made by Metron Instrument 
Co. Inc., 432 Lincoln St., Denver 9, 
Colo. 


For more data circle MD-59, page 191 


Pressure Switches 


Six classes of proof pressures, 
500, 1500, 3000, 4500, 6000 and 
12,000 psi, are provided in model 
314 Meletron pressure switches. 
They provide accurate sensing of 
system pressures over an adjust- 
able range of 15 to 10,000 psi and 
are suitable for liquid, gas or water 
systems. They are available with 
external adjustment if setting re- 
quires frequent changes. Variable 
actuation value ranges from 10 to 
2000 psi, depending on switch class. 


Actuation can be on increasing or 
decreasing pressure automatically 
reset by snap action of switch. 
Model 304 skeleton switches with 
same operating characteristics, but 
without case, are also available. 
Made by Barksdale Valves, 1566 
E. Slauson Ave., Los Angeles 11, 
Calif. 


For more data circle MD-60, page 191 


Solenoid Air Valves 


The 3500 series of 14-in. in-line 
solenoid-operated spring-return air 
valves is available for straight- 
away and three-way application in 
both normally open and normally 
closed types. Conduit connection 
is separate from cover to facilitate 
wiring. All types have a 3/16- 


in. orifice area and are available in 
any voltage and cycle requirement. 
Recommended working pressure is 
from 20 to 150 psi. Made by Me- 
chanical Air Controls Inc., 15311 
W. 11 Mile Rd., Detroit 37, Mich. 


For more data circle MD-61, page 191 


O-Ring Seals 


Design simplicity is a feature of 
these O-ring mechanical seals for 
rotating shafts on centrifugal 
pumps handling chemicals, petro- 
leum products, edible liquids, pulp 
liquors, and other liquids. Type O 
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FOR LUBRICATING DEVICES — 





40 YEARS’ LEADERSHIP 


Yes, for 40 years GITS has been 
setting the standard for industry 

. solving tough lubricating 
problems . . . earning the confi- 
dence of manufacturers . . . it’s 


the reason people say, ‘‘Call 
GITS first’’. 


WORLD’S LARGEST SELECTION 


Yes, only GITS can offer you 
such a wide range of standard 
stock sizes. From just one source 
you can get all lubrication de- 
vices in any design for any 


purpose. 




















LOW COST 


Yes, GITS oil cups can do a com- 
plete lubricating job for you ... 
prolonging bearing life, reducing 
maintenance costs, cutting 
down-time, boosting production 
.. . and GITS oil cups cost so 
little. 


CONSISTENT TOP QUALITY 


Yes, GITS is known for uniform 
quality in design, materials and 
machining . . . this means con- 
stant, dependable performance 
for you. Inferior products can 
cost you time and money. De- 
mand the best .. . get GITS. 





Oil Hole Covers « Oil Cups * Grease Cups * Bottle Oilers * Gauges « Gravity-Feed * Wick-Feed oa 
Constant ‘Level * Vibrating Rod Styles * Threaded or Drive-Type * Elbow or Straight 


ie ITS BROS. MFG. (Co. 
, 1868 S. Kilbourn Ave. Chicago 23, Mt 


Write today for Free Catalog No. 60A. Use it as your handy reference for lubricating devices. 
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unbalanced seal is made for pres- 
sures up to 200 psi, while type OB 
balanced seal, illustrated, handles 
pressures of 1000 psi and over. 
Both can be supplied with single 


or multiple springs, in either pin- 
drive or sleeve-drive construction. 
Type O seals are made for packing 
spaces 5/16-in. and larger, type OB 
for %-in. spaces and larger. O- 
rings can be Teflon, Buna-N, Neo- 
prene or silicone. Made by Garlock 
Packing Co., Palmyra, N. Y. 


For more data circle MD-62, page 191 


Gear Pumps 


Designed for such service as pres- 
sure lubricating, oil circulating, 
transfer and filtering systems, and 
lift and replenishing systems, the 
LB series of gear-type hydraulic 
pumps will handle most liquids 
having a substantia] oil base. Three 
capacities of 2.5, 3.5, and 4.5 gpm 
at 1800 rpm and 100 psi are avail- 
able, and pressures or speeds in 
excess of these may be used satis- 
factorily in selected applications. 
The series includes two types of 
pumps, type LBP for face mount- 
ing or wet sump application, and 


type LBS which includes a shaft 
seal and is recommended for direct, 
gear or belt drives. Type LBS is 
also available in a 115/230-v motor- 
pump combination. An internal re- 
lief valve, adjustable for pressures 
between 50 and 200 psi, is optional. 
Made by Webster Electric Co., 1900 
Clark St., Racine, Wis. 


For more data circle MD-63, page 191 


Taper-Lock Sprockets 


Taper-lock principle eliminates 
need for boring sprockets to fit 
shafts and regrinding or turning of 
shafts to get tight fit. Bore sizes 


range from 1% to 3 in. in 1/16-in. 
increments. Pitches from 40 to 
100 are available. Bushings may 
be used with sprockets having dif- 
ferent numbers of teeth and same 
sprocket may be used on various 
shafts by changing bushings. Made 
by Union Chain and Mfg. Co., San- 
dusky, O. 


For more data circle MD-64, page i9!t 


Filtration Material 


Completely resistant to all strong 
acids, caustics, oxidizing agents 
and common organic solvents, 
Kel-F plastic filtration medium 
can be used at up to 300 F, 
has 900 psi tensile strength and 
elasticity modulus of 1800 psi. 
Mean pore opening is 15 microns. 
Flow capacities range downward 
from 500 cfm of air per square foot 
of filter surface, at 8 psi differen- 
tial pressure, and from 110 gpm 
of water per square foot at 10 psi 


FUTER THICKNESS 
\” or \%" 


GASKET—ANY SIZE 
SEAMLESS JOINT 


FUTER DIAMETER 
TO 15” 


differential pressure. Material is 
available in disks up to 12 in. diam- 
eter, in thicknesses of 1/16 and %- 
in. and with chipproof contiguous 
solid Kel-F edges. Made by Po- 
rous Plastic Filter Co., 30 Sea Cliff 
Ave., Glen Cove, N. Y. 


For more data circle MD-65, page 191 


Pressure Release Valve 


Designed to allow rapid escape 
of air pressure in systems, bleed air 
from fluid systems and similar 
uses, a new manually operated re- 
lease valve has only four working 
parts. Design assures dead-tight 
sealing and has ,,-18 threads, per- 
mitting normal installation with 


either an O-ring, as shown, or with 
gasket seal. Valve is held tightly 
closed by spring when manual pres- 
sure is released. It is pressed to 
open and released to close. Made 
by James-Pond-Clark, 2181 E. Foot- 
hill Blvd., Pasadena 8, Calif. 


For more data circle MD-66, page 191 


Snagproof Nut 


By shielding the points of screws, 
the type J Speed Nut protects up- 
holstery and fabrics against snag- 
ging, as well as offering protection 
against personal injury or product 
damage by scratching. Special nut 
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Advertisement 


Weather Proof Motors 
for Continuous Outdoor 
Duty On 
Chicago Sewage Equipment 


Chicago Pump Company, manufac- 
turers of Sewage Treatment Equip- 
ment, use Star-Kimble weather proof 
gearmotors exclusively on COMMINU- 
TORS. These units are usually installed 


outdoors without weather protection | 


and must provide continuous opera- 
tion in all weather conditions. More 
than 2500 COMMINUTORS with Star- 
Kimble gearmotors are installed in 
Sewage Treatment Plants throughout 
the world. The unfailing operation of 
the COMMINUTOR is essential to the 
successful operation of the Sewage 
Treatment Plant. 





Chicago Pump Company's COMMINUTOR, powered 
with Star-Kimble motor with special full weather 
proof construction. 


Chicago Fire Pump 


Another Chicago Pump Company ap- 
plication of Star-Kimble motors is 
for Fire Booster Pump service. These 


pumps provide water pressure for | 


sprinkler systems and standpipes. Chi- 
cago Fire Pumps are driven by Star- 
Kimble open drip proof protected mo- 
tors, ranging from 40 to 100 horse- 
power. 


Chicago Fire Pump, driven by Star-Kimble 40 H.P. 


squirrel cage motor. 








STOP ist STOP ris: STOP 


START svomps START 





emery REVERSE sreave 


POSITIVELY POSITIVELY 
POSITIVELY HOLD POSITIVELY 
with Star-Kimble Brakemotors 


Motor and connected load come to a split-second stop—because of the 
extra-large brakelining area of a Star-Kimble Brakemotor. 

Motor starts smoothly—without drag—because small air gap assures 
instantaneous brake release. 

No plugging needed for rapid, repeated reversals. Frequency of reversals 
can often be tripled, compared with conventional plugging methods. 
And loads are held positively by the brake that holds its grip through 
millions of cycles—with little or no adjustment. 

Every Star-Kimble Brakemotor is an integral, space-saving unit with a 
sturdy shaft that’s common to motor and brake. Bearings and brake- 
linings last longer. One manufacturer—one responsibility. 


For information on design and service features, 
write for Bulletin B-501-A 


MOTOR DIVISION OF 
HLE PRINTING PRESS AND MFG. CO. 





AR-KIMBLE 


1 Bloomfield Avenue Bloomfield, New Jersey 
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has a rigid integral flap curving up 
and back over the point of the 
screw where it comes through the 
nut. Made by Illmois Tool Works, 
Shakeproof Div., St. Charles Rd., 
Elgin, Ill. 


For more data circle MD-67, page 191 


Pyrometer Controllers 


Close temperature control of fur- 
naces, ovens, plastic molds and 
other heating equipment is provid- 
ed by line of Free-Vane electronic 
pyrometer controllers. Units serve 
to actuate relays, electric contact- 
ors, solenoid valves and motor 


valves. Control system is based on 
frequency modulation principle, a 
millivoltmeter mechanism and unit 
plug-in construction. Basic model 
can be used for low-open, high-open 
and low-high control. Model with 
extra plug-in unit proportions cur- 
rent input for straight-line control 
of many heating appliances. A 
double control unit is offered to pro- 
vide low-open-high or low-normal- 


206 


high control. All models can have 
thermocouple protection. Avail- 
able in wide selection of tempera- 
ture ranges from 0-400 to 0-3000 F. 
Controllers are made by Bristol Co., 
Waterbury 20, Conn. 


For more data circle MD-68, page 191 


Over-Running Clutches 


A centrifugal throw-out sprag 
assembly now makes it possible for 
Formsprag ball-bearing over-run- 
ning clutches to operate at speeds 
exceeding 3000 rpm. Assembly 
eliminates possible rubbing be- 
tween sprags and the inner race. 
Construction of these clutches con- 
sists of outer housing, inner race, 
full complement of sprags and en- 
ergizing springs. The sprag prin- 
ciple provides an infinite number of 
gripping positions and eliminates 
backlash. Maximum torque capac- 


= =—s 
"| 


ity and long life because of chang- 
ing contact points are advantages. 
Made by Formsprag Co., 23601 
Hoover Rd., Van Dyke, Mich. 


For more data circle MD-69, page 191 


Motor & Magnetic Brake 


Smooth acceleration and deceler- 
ation is provided by the Motoreduc- 
er in addition to completely station- 
ary holding action when stopped. 
Unit consists of a magnetic brake, 
motor with internal fluid coupling, 
second magnetic brake, and gear 
reducer. Typical of the uses include 
crane travel drives or any heavy 


load that would tend to produce a 
pendulum motion with quick stops. 
In operation the energized mo- 
tor transmits power to the load 
through the fluid coupling. Load 


FLUID = MAGNETIC GEAR 


MAGNETIC 
BRAKE MOTOR COUPLING BRAKE i REDUCER 


is decelerated through the fluid 
coupling by the magnetic brake 
mounted on armature. Second 
brake mounted between coupling 
and gear reducer can be used to 
decelerate or hold the load station- 
ary. Manufacturer is Reuland Elec- 
tric Co., Alhambra, Calif. 


For more data circle MD-70, page 191 


Rotary Gear Pump 


Designed for positive displace- 
ment of lubricating liquids, this 
Hydrex rotary gear pump handles 
fluids and semifluids with viscosi- 
ties from 32 to 250,000 SSU. Ca- 
pacities are 1 to 500 gpm at 300 
psi for continuous duty and 500 psi 
for intermittent service. Body and 
head are the only castings used, 
and the two precision rotor gears 
are only moving parts. Shafts are 
hardened and ground at the heavy 
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for 


multiple-bearing applications 
to 


¢ cut costs 
e allow greater 

flexibility in 
design 
















































lubricate up to 40 bearings 
vata Mmelal-Mislidachd del- Mm atlolalaehicls 


Norgren oil-fog lubricators are proved by the 
fact that they are standard on most types of equipment 
where the best of lubrication is required for high speed 
spindles, air cylinders and valves. 














Now, the advantages of Micro-Fog Lubricators 
have been extended to applications on bearings, gear 
boxes and small air-operated devices. It produces an 
extremely fine and uniform air-borne Micro-Fog at 
low air flow; transmits it over greater distances than 
previously possible; distributes it evenly thru as many 
as 40 outlets; provides exact control and uniform 
rate of oil feed. 


Write for new catalog sheet No. 485. 


PIONEER AND LEADER IN 
OIL FOG LUBRICATION FOR 25 YEARS 


@ Lubricators © Valves © Regulators © Hose Assemblies @ Filters 





© 
Ye 
eee C.A. co. OX, 


3442 So. Elati St., Englewood, Colorado 
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duty roller bearings; only one stuf- 
fing box is used. All connections 
over 2 in. are flanged. Machined 
surfaces are ground for easy piping 
and aligning. Made by Sier-Bath 
Gear & Pump Co., 9252 Hudson 
Blvd., North Bergen, N. J. 


For more data circle MD-71, page 191 


Miter Gear Boxes 


Compact and powerful, these 
miter gear units are made in two 
sizes of 43 and 1 hp at 1800 rpm. 
Each size has both a two-way and 
three-way shaft extension with 





choice of five mounting facings. 
The 44-hp unit has a static torque 
of 250 Ib-in. while that of the 1-hp 
unit is 750 lb-in. Made by Crown 
Gear, Inc., 290 West St., Keene, 
N. H. 


For more data circle MD-72, page 191 


Foot Switch 


Type MA foot switch uses a 
long-life SPDT limit switch. Ac- 
cess to internal switch terminals is 
greatly facilitated by simply re- 
moving the front end of the new 
two-piece top casting. Actuating 
treadle built into the top of the 
MA foot switch requires unusually 
light foot pressure and permits fast 
operation with minimum fatigue. 
Cable enters the switch through the 
front by means of a BX connector 
or a rubber grommet, as specified. 
Mounting is by means of holes in 
the housing. The red treadle and 
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machine gray design are harmoni- 
ous, and in keeping with industrial 
design for office and plant use. 
Made by General Control Co., 1200 
Soldiers Field Rd., Boston 34, Mass. 


For more data circle MD-73, page 191 


Multiple Turn Dial 


A high-precision ten-turn count- 
ing dial, capable of being friction- 
locked in any fixed position by turn- 
ing an externally-mounted knob, 
may be used on any multiturn de- 
vice having ten turns or less. Com- 
posed of two concentrically mount- 
ed dials, one for increments of 
0.01-turn and the other for count- 
ing turns; thus contact position can 
be indicated to an indexed accuracy 
of one part in one thousand. The 





turning knob is attached rigidly to 
the shaft on which the incremental 
dial and shaft coupling are mount- 
ed, eliminating any chance for 
backlash. It can be friction-locked 
securely against accidental turning 









by means of a locking knob mount- 
ed on the external end of the turn- 
ing knob; dials are also locked. 
Made by the George W. Borg Corp.., 
Janesville, Wis. 

For more data circle MD-74, page 19! 





Galvanized Locknut 


This locknut, which can be hot- 
dip galvanized, has a square body 
and holds its position on the bolt 
by means of a locking insert. The 
locking insert is a slightly elliptical, 
heat-treated retainer ring of spring 















steel. When the nut is applied, the 
bolt forces the retainer into the 
round, causing the retainer to grip 
the bolt tightly. Bolt tension is 
not required, and the locknut can 
be removed and replaced any num- 
ber of times without destroying its 
locking power or damaging the 
bolt. It will hold its position 
wherever it is “wrenched.” This 
galvanized nut may be used where 
alkali, salt water or other corrosive 
elements are present. It is made 
in sizes from % to 1% in. by the 
Security Locknut Corp., North Ave. 
& 15th Ave., Melrose Park, Il. 


For more data circle MD-75, page 19! 


Needle Bearing Bushing 


Providing an absolute seal 
against entrance of dirt, coolants, 
and grit, needle bearing pilot bush- 
ings are available with inside di- 
ameters of 0.257 to 2 in. Maximum 
bar support is provided because 
long overall lengths from 1% to 
31% in. are available. Quills can be 


MACHINE DESIGN—July 1953 
































Facts about 
HELI-COIL inserts 
you should know 





W bat they are 


Heli-Coil* screw thread inserts are pre- 
cision formed coils of stainless steel or 
eae bronze wire. Wound into tapped 
es, they form permanent, non-corrosive, 
strip-proof threads of astonishing strength. 
Available for National Coarse, National 
Fine and Unified threads, pipe threads 
and spark plug threads. They are made 
in all standard sizes and lengths for assem- 
blies requiring Class 3, 3B, 2 or 2B fits. 


What they are for 


AS ORIGINAL COMPONENTS: Heii- 
Coil inserts are used to provide stronger, 
lighter fastenings, corrosion-proof, wear- 
proof threads in all assemblies. 


FOR PRODUCTION SALVAGE: 
When conventional tapped holes are dam- 
aged in production, restore them on the 
line with Heli-Coil inserts. Get better- 
than-original strength with no increase in 
screw size and no tell-tale signs of rework. 


FOR SPEEDY REPAIRS: When tapped 

wear, strip or corrode in service, 

renew them in minutes on location in 

shop or field with Heli-Coil inserts. No 

welding—no plugging—no secondary 
machining —no oversize screws. 


How they work 


Holes are drilled and tapped as you do for 
ordinary threads—then Helj-Coil inserts 
are wound into tapped holes by hand or 
power tools. Install in a few seconds, as- 
sure thfead protection forever. Can be 
used in any metal wood or plastic. 


No other method is so simple, 
effective and practical. 


W bat they do for you 
Heli-Coil inserts seve money because they 
strengthen threads and make fewer smaller 
fastenings do the same holding job. They 
make lighter bosses and flanges practical 
and they seve weight in two ways: (1) by 
——- use of cap screws, instead of 
ts and nuts; (2) by allowing use of 
smaller, shorter, fewer cap screws. Heli- 
Coil inserts protect your product from 
thread wear, galling and stripping for 
life in every kind of metal, in plastics or 
wood. They preserve customer good-will 
by preventing product failure, due to 
thread fault. Heli-Coil inserts improve 
the end product, cut rejects, salvage 
threading errors. 


Best time to put Heli-Coil inserts benefits 
to your use is right at the designing board, 
as many leading manufacturers are doing. 
But to convince you of their many advan- 
tages ask for a working demonstration 
tight on your production line. Write to- 
day! Complete information and engi- 
neering data is available in the Heli-Coil 
catalog. Use Coupon! 


*Reg. U.S. Pat. Off. 


Approved for All Military 
and Industrial Uses 
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fe savings 
/~ wrapped up in 


inserts 


% . These savings are multiplied 
%. into major profits 
SS. _ this simple way 


Use Heli-Coil* Inserts to: 


Save money by using fewer and smaller screws to do 
the same holding job. 


Save material—lighter bosses, thinner wall section, 
smaller flanges. 


Save weight and reduce bulk in assemblies. 


Save assembly time by using cap screws instead of nut- 
and-bolt assemblies. 


Save rejections in production. Threads damaged on the 
line are quickly repaired. You save time. Reduce scrap. 


Save on field service costs. No field damage ‘to threads 
—fortified by Heli-Coil inserts. 


Save customer good will by eliminating product failure 
due to thread fault. Every thread in your product is 
made stronger, longer wearing with Heli-Coil insert 
protection. 


we! OD GI df CO PO — 


Use the handy coupon to get free sample Heli-Coil inserts plus 
all the data you need to design these savings into your product. 




















* 

i 
HELI-COIL CORPORATION ; 
I 127 SHELTER ROCK LANE, DANBURY, CONN. § | 
I C Send samples and Handbook 652, a complete design manual. I 
, (CO Send samples and put my name on list to receive “Heli-Call,” i q 
I case history periodical. . 
t 
1 NAME TITLE | 
I i 
1 COMPANY. i 
1 i 
I appress | 
I i 
1 CITY. > ll STATE @ 2012 i 
0. cc ces csdintibanadliinsés en eves apepenabenteeren dnabie Glan arene 
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New Parts 





adapted to receive keys or keyways. 
Bearings can be disassembled with- 
out removing housing. Protection 
against thrust as well as radial 
loads is provided. Manufactured 
by J. G. dJergens Co., 11106 Avon 
Ave., Cleveland 5, O. 


For more data circle MD-76, page 191 


Midget Centrifugal Pump 


The model MU midget centrifu- 
gal pump, for handling liquids 
where capacity requirements range 
from 0 to 6 gpm of free flow to 6 
ft of head, has been added to the 
Pioneer pump line. Designed for 
continuous or intermittent opera- 
tion, the pump is directly connected 


os 


to a 60 cycle, 115 v, single phase 


motor in the 1/50 to 1/20-hp 
range. Made of brass, stainless 
stee] or Monel metal, and is 5 in. 
in diameter and 9 in. long. Inlet 
pipe is %-in. OD and outlet pipe 
is 5g-in. OD. Available from De- 
troit Harvester Co., Pioneer Pump 
Div., 19657 John R St., Detroit 3, 
Mich. 


For more data circle MD-77, page 191 


Miniature Connectors 


For use on miniature sealed and 
unsealed instrument switches, re- 
lays, transformers, amplifiers and 
other equipment, the U group of 
connectors is presently made in 


210 


three and six-contact arrange- 
ments; single and 12-contact types 
will be available. Pin and socket 
insert types are available, as are 
hermetically sealed units for solder 
applications and locknut units for 
mechanica] or solder applications. 
Contacts are for 5-amp current, 
with a minimum flashover of 1700 
v de. Shells are steel, finished in 
chromate - dipped cadmium plate. 
The three-contact plug weighs 
0.0088-lb and is 1 1/16-in. long 


with a maximum diameter of 
17/32-in. Made by Cannon Elec- 
tric Co., 3203 Humboldt St., Los 
Angeles 31, Calif. 


For more data circle MD-78, page 191 


Feed Controller 


The DC-50100 Power Check feed 
controller will control feed rates of 
both manually and power operated 
machines in addition to other types 
of straight-line motion. External 
adjustments permit control during 
all or part of the stroke in addition 


-_ ¢ oo = —— 


to variation of the feed rate. Con- 
trol is achieved by the resistance 
of a fluid being forced through a 
small orifice. Available with 
strokes of 2, 4, 6 or 8 in. from Na- 
tiona] Pneumatic Co. Inc., 125 
Amory St., Boston 19, Mass. 


For more data circle MD-79, page 191 


Speed Control! Valve 


Split-second timing of piston 
movement by positive control of 
air flow is provided by this adjust- 
able speed-control valve. It can be 
mounted in any position between 
operating valve and one or both 
ends of a cylinder to provide air 
flow adjustment. Flow-controlling 
orifice can be adjusted from prac- 
tically zero to wide open. Valve is 


offered with 14, 3, 4%, %,1and1% 
in. IPT. Made by Ross Operating 
Valve Co., 120 E. Golden Gate Ave., 
Detroit 3, Mich. 


For more data cirele MD-80, page 191 


Fractional Horsepower Motors 


Two special-service Form G frac- 
tional-horsepower motors, for ap- 
plications requiring moderately 
high starting torque, are rated at 
\% and 3%4-hp at 1725 rpm. The 
motors can be mounted in any posi- 
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To get better prints... faster 


Tapco Plant, Thompson Products, Inc. 
uses Kodagraph Autopositive intermediates 
in print production. 


The Tapco Plant knows full well that illegible shop prints 
pave the way for costly reading errors; knows, too, that 
Kodagraph Autopositive intermediates are low-cost insurance 
against such a possibility. 

It therefore reproduces its more critical and complex jet and 
valve drawings on Kodagraph Autopositive Paper Translucent 
and thus obtains—quickly and easily—sparkling “masters” for 
print-making which have dense photographic black lines on 
an evenly translucent, premium-quality paper base; which will 
produce highly legible whiteprints time after time at stepped- 
up machine speeds. 

Extremely fine-detailed drawings are reproduced on Koda- 
graph Autopositive Film, which captures the faintest detail . . . 
keeps close lines from “filling in”. . . and produces top-quality 
photographic intermediates which have extremely fast print- 
back speeds. 


Nn VN NEAR . : 

No negative step ...no darkroom han- Autopositive intermediates save creative drafting Autopositive reclaims “unprintables.” 
dling. Kodagraph Autopositive Paper and time. Tapco Plant makes necessary changes in its Many old drawings that have lost line den- 
Film are handled in exactly the same man- _ basic designs without costly redrafting by (1) mak- sity or are soiled or torn are transformed 
ner .. . produce positive photographic inter- ing Autopositive prints of the original drawing; (2) into print-making masters by reproducing 
mediates directly. First, they are exposed in removing the unwanted detail from the Autopositive them on Autopositive Paper or Film. Stains 
one of the Tapco Plant’s direct-process ma- reproduction with eradicator fluid. Then, the drafts- and crease marks are dropped out . . . weak 
chines—or in a photocopy unit. Then, they man has only to add the new detail . . . and a print- detail is made more legible—saving hours of 
receive standard photographic processing. A making master is ready. One which will produce redrafting. Autopositive Paper is also used 
fast, convenient room-light operation all the _ highly legible prints without confusing “ghost” im- to duplicate a variety of office records, non- 
way. And no new equipment needed. ages in the eradicated area. translucent vendor prints, etc. 


Kedagraph A\wtepesttive Wetertels 
) 


“THE BIG NEW PLUS” in engineering drawing reproduction 
MAIL COUPON FOR FREE BOOKLET 


EASTMAN KODAK COMPANY 

Industrial Photographic Division, Rochester 4, N.Y. 
Gentlemen: Please send me a copy of your illustrated booklet 
giving the facts on Kodagraph Reproduction Materials. 


Write today for a free 
copy of “Modern Draw- 
ing and Document Repro- 
duction.” It gives complete 
details on the revolutionary 
line of Kodagraph Repro- 
duction Materials, which 
you, or your local blue- 
printer, can process conven- 
iently, economically 
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New Parts 
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Quick help from 
experienced helpers 














A, a design engineer, you know the production 
advantages of machines with dependable, variable-speed 
control ... machines free from the handicaps of fixed speeds 
and horse-and-buggy-day controls. What you may not 
know is how we can help you obtain the full advantage of 
variable-speed control. Many problems brought to Lewellen 
are solved quite simply by suggesting installation procedure 
of the proper stock size Lewellen Variable-Speed Trans- 
mission or Variable-Speed Motor Pulley. Many require- 
ments for Automatic Controls are similar to hundreds in 











tion and are easily reconnectable 
at the terminal board for 115 or 
230 v ac. They are smaller and 
lighter in weight than the corre- 
sponding general-purpose ratings, 
according to the manufacturer. 
Starting currents conform to 






















use. Regardless of your need, you want the skill of special- 

ists. The experience of this organization—pioneers in speed NEMA standards. Made by Gen- 
control—is available to you without cost or obligation. eral Electric Co., Fractional-Horse- 
Over more than 50 years Lewellen engineers have con- power Motor Dept., Schenectady 5, 
stantly found new and better ways to apply all the advan- N. Y. 

tages of variable-speed control. Often results are amazing! Sa tems Gila, anes Cn: dee Ken 






Wire, phone, or write—LEWELLEN MANUFACTURING 
CO., COLUMBUS, INDIANA. 








Lewellen Variable Speed Transmissions are 
made in open and enclosed types—vertical or ° 

horizontal—in all sizes from fractional h.p. to Restrictor Valves 
40 h.p. Lewellen Variable Speed Motor Pulleys 







are available for all ratings from fractional to . . 
74 h.p. Speed range, 3 to 1 for all pulley sizes. These nonadjustable restrictor 
(One size has a speed range of 234 to 1.) valves, designed to regulate the 







speed of a cylinder in one direction, 
are check valves with an orifice in 
the check poppet. Free flow is per- 
mitted in one direction by the check 
valve; reverse flow closes the check 
and must pass through the orifice. 
The size of the orifice is made to 










if it’s speed control—it’s a job for 


LEWELLEN 


Variable - Speed | 
TRANSMISSIONS =MOTOR PULLEYS | AQ 

L | GE ay 

a | LAC AZ 


7 ik P| — | SK 
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suit the application. Low pressure 
drop in the free-flow direction is ob- 
tained by using standard check 
valve parts. The valves have large 
seats and ample flow areas. Nor- 
mally furnished with a one-piece 
copper-brazed steel body; alumi- 
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Fig. 1. Original de- 
sign with castings 
weighed 74 lbs. 
Required exten- 
sive machining. 
Assembly had §$ 
costly components. 








CUTS COST 
REDUCES WEIGHT 


PRODUCT 


NEW DESIGN 
IN WELDED STEEL 
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Fig. 2. Present de- 
sign of welded 
“spring hanger as- 
only 46 lbs. Less 
machining re- 
nates need for ex- 
pensive patterns. 


sembly”? weighs 
quired. Elimi- 
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CLEVELAND 17, OHIO 
S LARGEST MANUFACTURER OF ARC WELDING EQUIPMENT 





THE LINCOLN ELECTRIC COMPANY 
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So round, so accurate, 
even in minuscule sizes, 
Universal Precisioneered 
Balls fit into your present 
production. By the same 
virtues, they inspire 
“unhatched”’ potentials 


in creative design. 


For high speeds, silent 
operation, and minimal 

torsional resistance, use 
Universal Precisioneered Balls of 


chrome or stainless steel. 


Other Universal Balls in 
standard grades—chrome, 

Stainless, bronze, solar 
aluminum and special 

materials— 100% inspected, 


individually gauged. 


For special instrument 
applications, we produce 

balls guaranteed accurate 
within .000005’’. 


Universal 
Ball co. 


WILLOW GROVE 
MONTGOMERY CO., PA. 





New Parts 





num bodies can be furnished 
where weight saving is important. 
One-piece body eliminates gaskets 
and gasket leakage. Burst pres- 
sures exceed 10,000 psi. Sizes avail- 
able are 4%, 3%, % and %-in. IPT. 
Made by Fluid Controls Inc., 1284 
N. Center St., Mentor, O. 


For more data circle MD-82, page 191 


Motor-Pump Unit 


This unit combines a motor with 
a rotary gear pump. Motors are 
furnished in three frame sizes, 
covering a range from ‘¥-hp to 
1% hp, including all popular in- 
termediate hp ratings. Motors are 
available in either the open or to- 


tally enclosed type, for 25, 50, or 
60 cycle operation at 110, 220, 440 
or 550 v. Equipped with a low 
pressure pump, this combination 
provides 500 psi maximum pres- 
sure. With a high pressure pump, 
a constant pressure of 1500 psi or 
an intermittent pressure of 3000 
psi is available. Made by the John 
S. Barnes Corp., 301 S. Water St., 
Rockford, Il. 


For more data circle MD-83, page 191 


Air Regulator 


Capable of handling a large vol- 
ume of compressed air with a mini- 
mum of pressure drop, the type 
HAA regulator has a capacity of 
80 cfm at 100 psi line pressure. 
Two models, each basically the 
same with the exception of inlet 
and outlet connection arrange- 
ments are manufactured. Sensitive 


control and low pressure losses are 
achieved by using air pressure 
against a regulating diaphragm. 
Maximum pressure which can be 
regulated is 135 psi and maximum 
line pressure is 300 psi. The new 
unit is about 3 in. wide and 4% 
in. high. The control knob is 
grooved for a sure grip and is made 
of plastic. All exposed metal sur- 
faces are plated. Made by the De- 
Vilbiss Co., 300 Philips Ave., To- 
ledo 1, O. 


For more data circle MD-34, page 191 


Air Operated Oil Dispenser 


Where gravity feeding is not 
suitable, oil and other fluids can 
be fed at any desired rate by air 
pressure to elevated, distant and 


inaccessible points by this DHP 
dispenser. Practica] for many ap- 
plications including spray oiling, 
unit is designed to serve as central 
reservoir of single-line low-pressure 
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the Motor Speed Control 


that Cuts Lathe Time 
and Improves Quality 




















a 


\ 
\ 2) 
Variance MOTOR SPEED CONTROLS are COMPLETE units 


for operating DC Motors from AC Lines, and feature: 


%& Low Speed * wy yey , % High Starting Torque 
t Low Speeds - YP. 
- % Rapid Starting a @) 


* Easy Installation ; Facing off a 4%” diameter dial where — smooth finish is 
- and Maintenance and Stopping required. The Type 1702-A Variac Motor Speed Control enables 


. . . . the operator to slow lathe speed as larger diameter is worked. 
% Good Regulation % Wide Speed Range % Dynamic Braking Maintaining cutting-feet-per-second constant avoids chatter. 


% Selenium Rectifiers 
for Ruggedness 










Variac Speed Controls eliminate need for changing step 
pulleys or gears —twist of a knob gives any speed from 
5 or 10 rpm to rated | 


e If you need a speed control which will increase the every- 
4 day versatility of your lathe and enable you to meet the most 
stringent production requirements. . . the Variac Motor Speed 
Control is the answer. This smoothly operating control makes 
lathe work much more efficient. In production, it enables 
quality work to be turned out rapidly and reliably. Variac 
controls are available in three sizes for 1/15th to 34 hp motors. 


LATHE OPERATORS who use these Controls 
REPORT THESE TIME-SAVING FEATURES: 


% Instant Starting —no waiting for gears to mesh or 
engage as in mechanical controls — rapid reversing where 
needed 


% Instantaneous Braking Saves Production Time — per- 
mits sudden stops, eliminating tool overruns when under 
power feed or when cutting screw threads 












% Infinite Selection of Speeds — machine is slowed or 
speeded for optimum operation by flick of the wrist —in 
turning or facing operations, speed can be varied continu- 
ously as diameter of stock changes 









% Power at Few RPM —considerably more power at 
slow speeds makes this control invaluable in reaming and 
many other applications 






% Less Wear and Tear On Tools — speed can be set to 
suit material being worked or tool being used 










% Tapping in Slow Motion — with Variac Speed Control, 
lathe can be run at few rpm while tap is slowly run into 
drilled piece — eliminates necessity for measuring depth of 
drill hole on tap and carefully watching distance to which 
tap is advanced — motor stalling when tap is all the way in 
prevents tap breaking or spoiling of threads 






—_—_ -  — cr 











Variac Motor Speed Controls are amazingly efficient 
devices for the control of everyday machine operations 
including precision drilling — grinding — toroidal wire 
winding and screw cutting. They are time tested, highly 
recommended tools widely used in machine shops and large- | 
scale factory production departments throughout the | 


country. 













| SEND IN COUPON FOR MORE INFORMATION 


= SS 
General Radio Company, 275 Massachusetts Ave., Cambridge 39, Mass. 
Please send me a copy of the VARIAC Motor Speed Control Bulletin: 












Type 1702-A Variac Motor Speed Control — 
plugs into regular 115v a-c power lines — pro- 
vides continuous control of 4% and % hp d-c 
motors — unit is completely self-contained — 
price $230, less motor 


GENERAL RADIO Company fia 


275 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S.A Company Name. 


NEW YORK 6 \ & ive CHICAGO $ N 






















St. LOS ANGELES 38 







Street, 





City. 
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New Parts 

air-operated oiling system dis- 
charging regulated amount of oil 
by means of adjustable sight feed 


VY needle valves. Operation is on 80 

psi line. Sizes with up to 2-gal 
Lucite reservoir for floor or wall 
mounting are furnished. A 0 to 60 
psi air pressure gage and regulator 
is standard. Made by Oil-Rite 
Corp., 2376 Waldo Blvd., Mani- 
towoc, Wis. 


For more data circle MD-&5, page io! 















Small Air Cylinder 


With 1-in. stroke and equal ram 
pressure at any given point in the 
stroke, Micro model air cylinder 
can be used where size and space 
limitations are factors. It delivers 





















75-lb thrust on a 100-psi line. Any 
number of the solid brass cylin- 
ders can be operated by a single 
control valve. Made by Air-Mite, 
2653-T W. Lake St., Chicago 12, 
Ill. 


For more data circle MD-86, page 191 






Stree, 


These new T-J Cylinders save up 
to 40% in mounting space—with 
streamlined design that elimin- 
ates tie rods. They’re super rug- 
ged—extra high safety factor . . 
solid steel heads . . . heavy wall, 
precision honed, hard chrome 
plated, seamless steel body . 
leakproof cylinder head to body 
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construction . . . heavy duty, hi- . 
tensile, hard chrome plate ’pis- Roller Chain Sprockets 
ton rod, 








Eliminating the delay and extra 
expense of reboring to fit shafts, a 
line of Morse roller chain sprockets 
using the Taper-Lock principle is 


Available with the new T-J 
| 
| available. Sprockets are designed 


Super Cushion Flexible Seals 
which insure positive cushion 
with automatic valve action for 
fast return stroke. Many stand- 
ard sizes and styles . . . for push- 
ing, pulling, lifting, clamping 
or control jobs. T-J dependa- 
bility. Write for bulletin 8152. 
The Tomkins-Jounson Co., 

Jackson, Mich. 


GD 
TOMKINS-JOHNSON 


RIVITORS. AIR AND HYDRAULIC CYLINDERS CUTTERS CLINCHORS 




















MACHINE DESIGN—July 1953 






licone-insulated Wire 







e a Auto-Lite Silicone-insulated Wire is im- ranges occur. Check these advantages of 

.» mediately available for use on civilian Auto-Lite Silicone-insulated Wire for 

, products — where extreme temperature both high- and low-voltage applications. 
Withstands extreme temperature 4 Highly resistant to bacteria and 
ranges — from — 60°F to 400°F. fungi. 


Extremely good weather aging 


{Good retention of electrical qualities —does not become 
properties. brittle. 







a 
a 
Ss Auto-Lite has the facilities avail- 
d demands for Silicone-insulated 
Wire. Inquire today! 
THE ELECTRIC AUTO-LITE CO. 
Wire and Cable Division # 
Port Huron, Mich. Hazleton, Pa. 
~ + + 
Tune in ““SUSPENSE!"’... CBS Television Tuesdays 
Wire ghd Cobh 
3 ” 
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General Bronze Corporation, Garden City, N. Y., discovered 
that this Hitchiner-cast window lock housing gives completely 
satisfactory performance and eliminates the drilling and bor- 
ing of a half-inch through hole and the milling of slots and 
dovetail recesses as well as the drilling and countersinking of 
mounting and set screw holes. In the investment casting only 


the set screw hole is drilled and tapped. 


Figure it out for yourself what this saving must be and at the 
same time give thought to how Hitchiner Investment Castings 


might save you money on components for your product. 


One of our technically trained representatives will be glad to 
discuss your problem or, if you send us drawings and specifi- 
cations, we'll give you a complete engineering analysis and 


recommendations without obligation. 


If you want your castings finished to print we 
can supply them through an associate company. 


HITCHINER Manufacturing Company, Inc. 
MILFORD 8, NEW HAMPSHIRE 


Representatives in principal cities. 





New Parts 





for easy, quick installation and re- 
moval, yet grip shafts with the 
firmness of a shrink fit. Having no 
flanges or protruding parts, the 
sprockets require no more space 
than standard sprockets. Fit any 
roller chain manufactured to Amer- 
ican Standards No. 40 through 100. 
Come in pitchs of %, %, %4, and 
1% in., and number of teeth range 
as high as 112. Available from 


Morse Chain Co., 7601 Central Ave., 


Detroit 10, Mich. 
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| Small Motors 


Available with speeds from 10 
revolutions per hour to one revolu- 
tion per month, series S-200 syn- 
chronous motors feature an addi- 


tiona] exposed low speed gear train 
and will handle a continuous load 
up to 1 lb-in. and an intermittent 
load of 5 lb-in. Units have 2-in. 
diameter and 154-in. depth. Made 
by Bristol Motor Div., Vocaline Co. 
of America Inc., 205 Coulter St., 
Old Saybrook, Conn. 
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| Stainless Steel 


An austenitic alternate for 18-8 
stainless offers good cold working 
properties, good weldability, and 
good ductility. Produced with man- 
ganese, chromium and less than 
one per cent nickel as principal al- 
loying elements, this steel is now 
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"You can get 4 cork-and-rubber 
gasket for that government 
job from Armstrong Cork." 
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“You sure? Hadn't we better check the specifications?” 


“No need to. Armstrong makes compounds to meet all 
the principal cork-and-rubber specs.”’ 


He's right. Armstrong does make a compound to meet 
each of the nine types covered by the principal govern- 
ment cork-and-rubber specifications. This means you can 
get the cork-and-rubber gasket material you need and get 
it promptly— when you call Armstrong. 

Of course, you don’t have to be working on a govern- 
ment contract to get fast service. Armstrong makes and 
stocks a wide variety of cork-and-rubber materials for all 
kinds of specialized applications. 

For full information and samples on a material made to 
meet your requirements, call or write your nearest Arm- 
strong Industrial Division office or see “Armstrong’s Gasket 
Materials” in Sweet's file for product designers. 


FREE! Gasket Data Book + 


The 24-page manual, “Armstrong’s Gasket 
Materials,” gives you information on current 
government specifications and _ tentative 
SAE-ASTM specifications. You'll also find 
helpful sections on the design and use of 
gaskets, covering subjects like Designing 
Gaskets to Reduce Costs, Practical Toler- 
ances for Resilient Gaskets, Designing 


Industrial Div., 7107 Dean Street, Lancaster, Penna. 
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Flanges for Efficient Sealing. 3 
For your free copy, write Armstrong Cork Company, ( yan ) 


































turning 25 |b. family bundles 





sunshine bright in Prosperity 
Individual Production Washers 


e Turning the cylinder of this fully automatic 25 Ib. Pros- 
perity Individual Production Washer, at a speed of 36 rpm, 
is a Winsmith worm gear type speed reducer. It is depended 
on to speed each family bundle successfully through a com- 
plete washing and rinsing cycle .. . without delay. 

Direct-driven by a ¥2 hp motor, and spinning the cylinder 
via a v-belt, this Winsmith Model 342B, horizontal, single 
reduction unit was selected by The Prosperity Company, 
Inc. “for its compactness, ruggedness and easy serviceability.” 

... and for such reasons, Winsmith Speed Reducers are 
fast becoming standard with numerous makes and types of 
primary equipment and machines that are well known to the 
American public and to industry. 

To serve all your speed reduction requirements within the 
1/100 to 85 hp range, Winsmith is the only name you need 
to remember. For details, request Catalog 148. 


WINSMITH, INC. 
16 Elton St. 
Springville (Erie County), N. Y. 


rt 
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New Parts 





being produced in substantial quan- 
tities as strip, and most other forms 
are also available. Developed be- 
cause of the restricted usage of 
nickel, in an effort to obtain an aus- 
tenitic stainless steel with less 
than one per cent nickel, this steel 
can ke used where straight chro- 
mium steels are unsatisfactory as 
substitutes for 18-8. Made by Al- 
legheny Ludlum Steel Corp., 2020 
Oliver Bldg., Pittsburgh 22, Pa. 
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Lubricant Pumping Unit 


Designed primarily for automatic 
lubrication of single machines, this 
DC-20 unit accurately meters 
grease or oil to bearings. An in- 
tegral time clock controls the 


lubricating cycle, assuring lubrica- 
tion at the proper intervals. A %4- 
hp ac motor drives the pump 
through a V-belt. Lubricant re- 
servoirs are available in three sizes 
to hold from 4% to 12% lb of 
grease or 214 to 6% qt of oil. Made 
by Farval Corp., 3249 E. 80th St., 
Cleveland 4, O. 
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Worm Drive Assembly 


Designed for general industrial 
machinery, this small right-angle 
worm drive is for application to 
shafting from % to 1 in. diameter. 
Compact unit has no external pro- 
jection of the worm beyond the 
small housing. Drive incorporates 
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Part of the Engineering and 
Research Laboratory 







Aerial view of Glenville Plant 


FELT problems are welcomed here 
—ANO SOLVED! 


American makes felt in actually hundreds of different types, 
each having carefully-controlled characteristics. Felt, you see, 
is not just felt, but is an engineering material, which can be, and 
should be, selected and specified as closely as any other material. 


American is keenly progressive and has a vast knowledge of 
all types of natural and synthetic fibres. Felt is now engineered 
into the various end uses. Our knowledge is freely available to 
you, through our sales staff, or from the Engineering and 
Research Laboratory. 

How important it is to obtain the right felt is illustrated by 
the case of a customer who insisted on “saving money” by 
buying a felt which we insisted was not suitable for the appli- 
cation. In the end, the saving produced a loss, and the customer, 
having learned the hard way, now relies upon our advice. You 
can avoid such trouble by bringing your needs for felt to 
American. Tell us what the felt is to be used for, whether in a 






















oo | 


‘v 





process or a product, and we will help you select the right type. GENERAL OFFICES: 22 GLENVILLE ROAD, GLENVILLE, CONN. 

) : . : SALES OFFICES: New York, Boston, Chicago, Detroit, Cleveland, 
And remember, American operates cutting shops in Glen- Rochester, Philadelphia, St. Louis, Atlanta, Dallas, San Francisco, 

ville, Conn., Detroit, Mich., San Francisco, Calif., which can Los Angeles, Portland, Seattle, San Diego, Montreal.— PLANTS: 

quickly produce cut felt parts, ready for assembly, to speed Glenville, Conn.; Franklin, Mass.; Newburgh, N. Y.; Detroit, Mich.; 






Westerly, R. |.—ENGINEERING AND RESEARCH LABORATORIES: 
Glenville, Conn. 





your output. 
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What’s your relay or 
timer question? 


What type to use 


for a specific job? 
Multiple-use 


control lines? 


Circuits? 


Time delay? 


Coils? 


Terms? 


Auxiliary 
equipment? 


Sequence 
Magnetic operation? 


structures? 
Contacts? 


...just look it up in the 640-page 
RELAY ENGINEERING HANDBOOK! 


Here is relay-timer experience! 

Over 18,000 copies are now in use 
helping engineers, designers and others 
solve relay-timer problems. Replete with 
more than 1100 diagrams, illustrations 
and data tables, this pocket-size book 

is the ideal reference manual 

for everyone concerned with relay 

or timer selection, 

application or service. 


BALTIMORE * BOSTON + BUFFALO + CHARLOTTE * CHICAGO * CINCINNATI 
CLEVELAND © DALLAS «* DETROIT * KANSAS CITY + LOS ANGELES 
MINNEAPOLIS * MONTREAL * NEW ORLEANS * NEW YORK © PITTSBURGH 
ST. LOUIS *« SAN FRANCISCO ¢ SEATTLE © SYRACUSE *© TORONTO 
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New Parts 





a locking ball drive so that the 
entire assembly can be placed on 
the shafting, closed in by bearings 
without disassembly or drilling of 
the shaft. Alemite grease fitting 
is provided for lubrication. Reduc- 
tion ratio is one turn of universal 
joint to ten turns of the driving 
shaft. Made by Durant Mfg. Co., 
1933 North Buffum St., Milwaukee 
1, Wis. 
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Vibration Isolator 


Shock and vibration protection 
during both shipment and use is 
afforded to delicate equipment, 
electronic instruments, aircraft en- 
gines and similar units by Cohr- 
lastic DS nonlinear mounts. Small 
vibrations are absorbed with little 
or no deflection of movement of the 
equipment. At high loadings, the 


mount serves as a cushion to take 
the impact energy and return the 
equipment unharmed to its original 
position. It has little tendency to 
develop resonant frequencies and 
is available in a wide range of 


MACHINE DESIGN—July 1953 








Machine 
Tools? 


Diamond Roller Chain Drive (multiple strand) on high speed 
Rock Drill Rod Machine. 





b - : 
_— |, Bose F] a 
Special ‘¥ 
Equipment? 


Adaptability, high uniform quality, positive operating char- 
acteristics make Diamond Roller Chains first choice for 


countless applications. 


DIAMOND ROLLER CHAINS 


Insure Top Operating Performance 


For heavy machinery of all kinds, Diamond Roller Chains prove 
their great reserve strength and ability to withstand shock 


loads and tension. 
/ in 
: i Bo 


Construction 
Machinery? 


A 


In our files there are invaluable data, field records and other informatio 


For long hours of continuous service, the reliability and proven 
uniformity of quality of Diamond Chains make them outstanding 
choice in the materials handling field. 


Materials 
Handling? 


4 





n to help 


solve your power transfer problems. Our engineering staff is at your service. 


DIAMOND CHAIN COMPANY, Inc. 


Where High Quality is Tradition 


Dept. 435, 402 Kentucky Ave., Indianapolis 7, Ind. 
Offices and Distributors in All Principal Cities 


DIAMO 


’ * 
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Let These 


MOTORS 


Do Your 


DIRTY WORK 










They’‘re built to ignore dirt, 
dust and corrosive vapors 
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SMITHway totally enclosed fan-cooled 
motor—a frame within a frame and 
both are cast iron. Efficient, high-ca- 






pacity, double-locked fan forces air 
through self-cleaning ducts. Heat is 
dissipated—dirt, dust and corrosive va- 
pors can’t get into the sealed motor. 







AST IRON construction is one of the 

C many outstanding features which 
makes these motors superior under 
service conditions involving dirt, dust 
and corrosion. Cast iron frame, cast 
iron end bells—the complete enclo- 
sure is cast iron—all exposed parts 
are cast iron. Ideal for petroleum, 
chemical and other rugged industrial 
applications. 
SMITHway totally enclosed fan- 
cooled motors are built to standard 
NEMA frames to meet the highest 
standards of electrical performance. 
TEFC motors are built in sizes from 
5 to 125 HP. Parts and service avail- 
able throughout U.S.A. Get complete 
information from nearest office or 
write today. 


A. ae 
5715 SMITHway  St., Los Angeles 22, California 


1000 Webster St., Dayton 4, Ohio « Offices in Prin- 
cipal Cities * International Division, Milwaukee | 

















SMITHway totally en- 
closed non-ventilated 
motor. Standard 
NEMA frames. Cast 
iron construction of all 
exposed parts kee 
these motors, by the 
thousands, on the jo 
regardless of dust, 
dirt and corrosive con- 
ditions. Available in 
ratings from 1 to 5 HP. 
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New Parts 





sizes from 4% to 1000-lb rated loads. 
Made by Connecticut Hard Rubber 
Co., 407 East St., New Haven 9, 
Conn, 
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Thermal Switches 


Available in surface and recessed 
models, these are fixed temper- 
ature, thermally actuated, snap- 
action switches. Contacts are 
actuated by a snap-action bimetal 
blade of entirely new design which 
results in extremely fast response 
to temperature changes. A large 





contact gap permits high current 
ratings in small compact units. 
Ceramic housing provides full 250 
v spacing of terminals without use 
of separate mounting insulators. 
Units are supplied normally open or 
normally closed as required. Tem- 
perature ranges to specification. 
Manufactured by The Wilcolator 
Co., 1001 Newark Ave., Elizabeth, 
N. J. 
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Plunger Potentiometers 


Constant cutting speed machine 
tool drives, winder drives, process- 
ing machinery and dancer-roll sys- 
tems are potential applications for 
bulletin 68 plunger potentiometers, 
intended for introduction into in- 
dustrial electronic control devices. 
The vitreous-enameled resistance 
element and precious-metal sliding 
contact are protected by an oiltight 
enclosure with external mounting 
holes. Operating plunger, with its 
roller type cam follower, requires 
only 1%-in. linear movement for 
complete traverse of the 10,000- 









ohm potentiometer. Make by Ward 
Leonard Electric Co., Mount Ver- 


non, N. Y. 
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Silicone Rubber Parts 


Molded and extruded silicone rub- 
ber shapes are now available. These 
shapes have excellent resistance 
to temperature extremes and an 
inert surface which minimizes 
sticking. They are not subject to 
change due to contact with 
weather, oils, common chemicals 
and weak acids and are odorless and 
tasteless. Available from Republic 
Rubber Div., Lee Rubber & Tire 
Corp., Youngstown 1, O. 
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Thermoplastic Cement 


F-88 is a quick-setting thermo- 
plastic cement for genera] indus- 
trial use. It requires no air for 
setting (it will set under water); 
sets hard, ready for finishing, in a 
very short time; and is permanent, 
even in hydrochloric acid. It may 
be used to join metals, wood, plas- 
ter, porcelain, stone, concrete and 
glass. 

F-88 is prepared by the user by 
mixing powder and liquid to make 
a thick creamy mix. By the choice 
of available liquids, it is possible to 
bond materials permanently in as 
little as five minutes. Available in 
a complete range of colors and in 
standard container kits up to 100 
pounds from American Consoli- 
dated Dental Products Co., Indus- 
trial Div., P. O. Box 2015, Phila- 
delphia 3, Pa. 


For more data circle MD-96, page 191 
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‘ Adjustable Protractor 
| 
r- Any number of angles ranging | 
from 0 to 180 deg can be drawn THE ''HEART'’ OF YOUR SYSTEM | 
using this new protractor without PS a Se ee 3 | 
turning, sliding, or moving unit out Saablaiieesiiine TT ue | 
of position at any time. Upper arm i uM | 
swings up to any desired angle and | 
ean be locked by an adjustment 
: “14 * H * 
knob. Magnifier built in over reg Doty ed ey 
)- istration mark provides clear hair- % 3 
se line adjustment of settings. Sharp- . i= 
e ly defined 1 and 5-degree black di- Medium = 
n vision lines are printed on white Duty Relays cS 
Lo Light : i Fass 
“ nada Le | Ess 
VEE SUERTE Hl EE Tl Ds 
. ; % 
L Eo 55 
: Multip! ae 
ac Leaf ioe bi 
re 
Voltage actuated, current actuated. Sensitive, her- a 
metically-sealed and plug-in. Innumerable types oad 
and structures for a multitude of applications. ine 
SS Leh Rae Pine ana PN at NR BREE GREY mk te LER MS oy 
background through 180 deg arc. Bier set: CRASS ese Ws EE tees 
Perti th tical formulas 
>» wood Pp gaccsensieg i nano BUILD MORE FLEXIBLE “WORKING CIRCUITS” INTO 
s- brated dial YOUR BASIC CONTROL SYSTEM WITH P&B RELAYS! 
or Clear plastic unit has 5-inch Our wide range of contact combinations, coil sizes and 
); scale imprinted on lower arm. The contact ratings enables you to build circuitry for automatic 
a instrument is 2 in. wide and 7 in. | and remote control of: machine tools, heaters, conveyors, 
it, long when set at zero deg; set at ovens, humidifiers, indexing, sorting, inspection, speed : 
Ly 180 deg overall length is 12 in. regulators, magnetic amplifiers; hydraulic interlock, signaling, 
s- Available from Way-Mac Mfg. Co safety systems and a host of other applications. 
id 81 . A y Los A : 1 oe Buy stock model P & B relays, available at your local 
12 Melrose Ave. Los Angele Electronic Parts Distributor. Our field engineers located in | 
46, Calif. major U. S. and Canadian cities will assist you with | 
“ For more data circle MD-97, page 191 your requirements. r 
e \ 
va 1 am interested in P & B relay automation circuitry. Please send Bulletin | 
to Photocopy Machine 100 which describes and illustrates over 100 standard relay versions. 
- Name | 
in Finished photo-exact, positive 
: , Title 
in copies of any record regardless of _ 
00 type or color can be made by the | Company. 
li- Transcopy Duplex in less than a Address 





S- minute without developing, wash- City State : r 
a- ing, fixing or drying. Photocopies | POTTER & BR UMFIELD ; ise 


of originals up to 14% in. wide in - 
any length can be handled. Two- ae 4 
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new TUTHILL CATALOG 
Shows How to Fit 


General Purpose Pumps 
to Your Needs 


Now Keni 
Deiges. 


Here is a “‘must’’ for product designers 
—a new handy reference catalog that 
gives complete data on Tuthill general 
purpose pumps and how they are adapted 
to meet your specific requirements. This 
helpful book includes information on 

the following types of pumps: 








MODEL C MODEL CG 








A non-direc- A variation of 
tional general Model C with 
purpose pump spring-loaded 
with adjustable packing. 






packing. 





MODEL RC 


An automatic 
reversing pump 
for general use. 






MODEL CB 


A mechanically- 
sealed general 
purpose pump. 







| Engineering Equipment 








in-one unit contains both a print- 
er and a processor. Machine op- 
erates after being plugged into any 
115 v ac electrical outlet with no 
darkroom needed. 

A negative sheet is placed face 
to face with an original to be 
copied and inserted into the front 
exposure slot of the unit. When 
the two sheets automatically 
emerge the original can be released 
immediately. The exposed nega- 
tive paper is then placed face to 





face with a sheet of Transcopy 
Transfer paper and inserted in the 
front slots of the developing sec- 
tion until an electrically driven 


roller is engaged. The sheets 
emerge in a few seconds from the 
delivery slot, and can be separ- 
ated after a short wait, giving a 
permanent positive copy. Made by 
Remington Rand Inc., 315 Fourth 
Ave., New York 10, N. Y. 


For more data circle MD-98, page 191 


DC Power Supply 


Providing 300 v de power from 
a 115 v ac, 50 or 60 cycle source, 
the Eastgap Model Two adds in- 
herent reliability to these specifi- 
cations. Ripple combined with noise 








MODEL CSA 


A stripped pump for 
built-in applications. 


MODEL CS 


A stripped pump 
designed for flange 
mounting. 













You'll save time, trouble and money with this informa- 


tion at hand. Write today for yourcopy of Catalog No. 102 






TUTHILL PUMP COMPANY 
Dependable Rotary Pumps since 1927 
939 East 95th Street, Chicago 19, Illinois 





Canadian Affiliate: 


Ingersoll Machine & Tool Company, Ltd. - Ingersoll, Ontario, Canada 
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and jitter is 4% millivolt or less. 
Impedance level is 1/20 ohms or 
less down to zero frequency 
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FROM he Duntly Shililbok 
TO A A Mii 











try. 


yours. 
ability in many industries. 





REMARAS You never know 'til you 
Bundyweld has helped lick hundreds of 
design, fabrication problems; might lick 
It's the standard of tubing depend- 
Then there's 
Bundy's unmatched fabrication facilities. 
Add our specialized engineering help, new 


custom-engineered packaging of orders. 


today for Bundyweld catalog or for help in 
* umpleninn your tubing application ideas. 


BUNDY TUBING CO., DETROIT 14, MICH. 





"pe 


Leakproof 
High thermal conductivity 
High bursting point 

High endurance limit 
Extra-strong 
Shock-resistant 


q me 


Ductile 


Bundyweld Tubin 


DOUBLE-WALLED FROM A SINGLE STRIP 














Lightweight 
Machines easily 
Takes plastic coating 
Scale-free 

Bright and clean 

No inside bead 
Uniform 1.D., O.D. 





BETTER TUBING 


WHY BUNDYWELD 


Si 
. Ras . 
is cre uP 


and passed through Bundyweld, double- 
a furnace. Copper walled and brazed 
coating fuses with through 360° of wall 
steel. Result . contact. 





continuously rolled 


Bundyweld starts as 
twice around later- 


a single strip of 

copper-coated steel. ally into a tube of 
en it’s... uniform thickness, 

Bundy Tubing Distributors and R ives: Cambr: 

Chattanooga Bank Bidg.@ Chicago 32, Ill.: cephen -Hickey Co., 3333 W. 47th Place Elizabeth, 

Rutan & Co., 1717 Sansom St. e San Francisco 10, Calif.: Pacific Metals ee Ltd., 3100 19th St. 

Toronto 5, Ontario, Canada: Alloy Metal Sales, Ltd., 181 Fleet St., E.¢ Bundyweld ni 





+ 42, Mass.: Austin-Hastings Co., Inc., Binney St. 
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NOTE the exclusive 
patented Bundyweld 
beveled edges, which 
afford a smoother 
joint, absence of bead 
and less chance for 
ony leakage. 


Chattanooga 2, Tenn.: Peirson-Deakins Co., 823-824 

Jersey: A. m anni Co., Inc., Post Office Box 476 3, Penn.: 
Seattle 4, Wash.: Eagle Metals Co., 4755 First Ave. South 

el and Monel tubing is sold by distributors of nickel and nickel alloys in principal cities. 
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KENTANIUM INSERT 






TUBE 
BEFORE SPINNING 





TUBE 
AFTER SPINNING 


An Exclusive 


T-RESIS 
— CEMENTED TITA 





Development of KE 


KENTANIUM 


TANT, HIGH-STRE 


This is a typical example of how industry effectively uses 
heat-resistant Kentanium to improve product performance 
under conditions of high temperature combined with 
oxidation and severe abrasion. Spinning the ends of hot 
steel tubing destroyed tungsten carbide tools in an average 
of 4 hours. Tools made of Kentanium last 15 hours before 
facing is necessary—and can be refaced up to 8 times 
per tool. 

If improvement of your product or process involves 
high tempekature conditions, especially where abrasion 
and oxidation are factors, investigate Kentanium. It is 
our exclusive development—chiefly titanium carbide (small 
percentages of other refractory metal carbides), with 
nickel “binder”’. 

Great strength at temperatures up to 2200°F, and 
extreme resistance to abrasion, oxidation, and thermal 
shock are Kentanium’s combination of features that can- 
not be obtained in any other known material. Weighs 
only 7% as much as steel; has hardness up to 93 RA; 
uses neither tungsten nor cobalt. 

Kentanium is available in standard extruded shapes, 
simple molded forms, and intricate designs. Our engineers 
are available to work with you to apply it effectively to 
your high temperature problem. 


WNAMETAL Pac, Lo 


trobe, Pa. 















NGTH, LIGHTWEIGHT 
NIUM CARBIDE 














































Engineering Equipment 





throughout load range. A 15 mi- 
crofarad oil condenser is incorpo- 
rated directly across the out- 
put terminals. Conservatively load 
rated at 0 to 1000 milliamperes. 
Built with hermetically sealed 
transformers and chokes having 
grain-oriented cores. Extra heavy 
filtering by using large oil capac- 
itors affords maximum front-end 
efficiency before regulator. Ampli- 
fier has high gain as well as 
high stability and balanced input. 
Designed for bench or rack mount- 
ing. Made by Eastgap Company, 
285 Columbus Ave., Boston 16, 
Mass. 
For more data circle MD-99, page 191 


Portable Galvanometer 


A new line of high-sensitivity 
portable galvanometers for meas- 
uring low values of current or 
voltage has been announced. High- 
er sensitivity is made possible by 
the use of Alnico magnets. Tilted 
seale with hairline index and spot- 
light allows readings to be taken 





quickly and accurately. The scale 
is marked 50-0-50 and 0-100 in 1- 
mm divisions and is made of a 
translucent compound. 

The instrument is designed so 
that the entire coil and suspension 
element can be removed from the 
magnetic assembly and replaced by 
another system of different sensi- 
tivity, without the necessity of re- 
magnetizing or disturbing external 
connections. The galvanometer 
element and optical system are 
mounted in a lightweight metal 
case approximately 61% by 8 by 16 
inches, which is shock-mounted to 
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Controlling the punch 





of mighty 
heavyweights...with 


U.S. Rainbow? V-Be! 





A Complete Drive Service 
Multiple V-Belts 

F. H. P. Belts, Sheaves 

Flat Belting and Belting 
Special Purpose Belts 






' 


Note the U.S. Rainbow V-Belts in multiple drive on 
these presses. The monster at the right has a capacity 
of up to 3000 tons. 

These powerful presses, used for forming steel, exert tremendous 
forces. The V-Belts that transmit this power must be capable of han- 
dling great shock loads. The belts designed by United States Rubber 
Company for these presses have the right strength and dependability for 
the job. Each belt has the unique Equa-Tensil Cord Section that scien- 
tifically distributes the load to insure efficient pull with minimum 
stretch. Protective jackets increase the grip while keeping out dirt and 





. “U.S.” Research perfects it... prolonging wear. For large or small drives, you can depend on the qual- 
: U.S. Production builds it... ity of U.S. Rainbow V-Belts. Order from your jobber or contact any of 
U.S. Industry depends on it. the 25 “U.S.” District Sales Offices, or write to address below. 


UNITED STATES RUBBER COMPANY 
MECHANICAL GOODS DIVISION + ROCKEFELLER CENTER, NEW YORK 20, N. Y. 


Hose « Belting « Expansion Joints « Rubber-to-metal Products ¢ Oil Field Specialties + Plastic Pipe and Fittings « Grinding Wheels « Packings « Tapes 
Molded and Extruded Rubber and Plastic Products « Protective Linings and Coatings « Conductive Rubber « Adhesives « Roll Coverings *« Mats and Matting 
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You may have heard 
about a highly suc- 
cessful solid-film lu- 
bricant which is giv- 
ingremarkableresults 
in the shop and in 
the field. 


In one 40-page 
booklet we have col- 
lected 154 detailed 
case-histories de- 
scribing how difficult 
lubrication problems 
have been overcome 
by molybdenum sul- 
fide. If you wish to be 
up to date about this 
solid-film lubricant, 
write for a free copy 
now. 


LUBRICANT OF MANY USES 


7- sulfide 


A LITTLE DOES A LOT 


max Molybdenum Company 





SEND FOR THIS FREE 
BOOKLET TODAY 
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eliminate vibration effects. Devel- 
oped by Meter and Instrument 
Dept., General Electric Co., Schen- 
ectady 5, N. Y. 


For more data circle MD-100, page 191 


Continuous Printer 


An automatic processing unit 
for making dry positive photo 





Copy is processed in 15 


copies. 
seconds and is ready for use in 


another 15 seconds. Unit elimi- 
nates washing, fixing, drying, and 
chemical fumes. Machine takes 
12-inch paper in any length. Op- 
erates on 115 v ac and weighs 18 
lb. Made of gray plastic, unit is 
available from General Photo 
Products Co. Inc., General Photo 
Bldg., Chatham, N. J. 


For more data circle MD-101, page 191 


Digital Recorder 


A new digital recorder, Model 
960 announced by Potter Instru- 
ment, is for making high-speed, 
permanent digital recordings. This 
instrument, which will record up 
to 150 eight-digit numbers per sec- 
ond, has been designed for use with 





counter - chronographs, frequency- 
time counters, scalers made by Pot- 
ter or any similar equipment 
which provides binary coded deci- 
mal indication. 

Data are recorded on electrosen- 
sitive paper by groups of four styli. 
Standard and special units are 
available with any number of chan- 
nels up to 32. Paper speed is ad- 
justable from 2.5 to 20 in. per sec- 
ond. Standard paper rolls 41, in. 
by 400 ft allow over 50,000 record- 
ings to be made without reloading. 
Made by Potter Instrument Co. 
Inc., 115 Cutter Mill Rd., Great 
Neck, N. Y. 


For more data circle MD-102, page 191 


Reproduction Camera 


Capable of providing from five 
times reduction to two times en- 
largement, the Robertson “Seven- 
teen” camera is precision engi- 


neered for simplicity of operation. 
A simple scaling system coupled 
with automatic timer permits fool- 
proof operation. 


Maximum film 





size is 17 by 17 in. and copy- 
board area is 21 by 25 in. Sup- 
plied with 14-inch focal length lens. 
Made by Robertson Photo-mechan- 
ix Inc., 3067 N. Elston Ave., Chi- 
cago 18, IIl. 


For more data circle MD-103, page 191 


Frequency Meter 


The Berkeley Model 5570 fre- 
quency meter is capable of meas- 
uring frequencies from 0 cps to 
42 megacycles (160 megacycles 
with accessories). Accuracies of 
1 part in 10° +1 count can be at- 
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CZ rke r Engineering Equipment | from an y an g | @ 


tained. To obtain this high ac- 








INDUSTRIAL TUBE FITTING curacy, provision has been made 

STOCKS CARRIED BY for externally adjusting crystal 

AKRON 9, O.—B. W. Rogers Co., 850 So. High St. control unit to WWV. Indicated 

ARDMORE, Pa.—Louis H. Hein Co., 15 West Lancaster Ave. frequency is displayed in digital 
powmeta o.~Sl baaelee ar. form on eight banks of illuminated | SIZE AND 


SPHERICAL ACCURACY 
BALTIMORE 5, Md.— Whitehead Metal Products Co. 
4300 E. Monument St. 


BEAUMONT, Tex.—Standard Brass & Mfg. Co., 705 Milam St. 
BOSTON 15, Mass.—A. E. Borden Co., 176 Brookline Ave. 
BRYSON CITY, N.C.—Wallace Co. of Carolina, P.O. Box 572 


BUFFALO 7, N. Y.—Whitehead Metal Products Co. 
2128 Elmwood Ave. 


CAMBRIDGE 39, Mass. — Whitehead Metal Products Co. 
281 Albany St. 


CEDAR RAPIDS, la.—Globe Machinery & Supply Co. 
309 8th Ave., S. E. 


CHICAGO 14, Ill. —Wallace Tube Co., 1300 Diversey Pkwy. | 
CINCINNATI 29, O.—Williams & Co., 3231 Fredonia Ave. 


CLEVELAND 14, O.—W. M. Pattison Supply Co. 
777 Rockwell Ave. 


CLEVELAND 15, O.—B. W. Rogers Co., 1900 Euclid Ave. 
CLEVELAND 14, O.—Williams & Co., 3700 Perkins Ave. 
COLUMBUS 8, O.—Williams & Co., 851 Williams Ave. | 
DALLAS 9, Tex. — Metal Goods Corp., 6211 Cedar Springs Rd. 


DAVENPORT, la.—Globe Machinery & Supply Co. 
410 East Second St. 


DAYTON 10, O.—J. N. Fauver Co., 1534 Keystone Ave. 
DENVER 2, Colo. —Metal Goods Corp., 2425 Walnut St. 


DES MOINES 6, la. —Globe Machinery & Supply Co. 
East First & Court Ave. 


DETROIT 1, Mich. —J. N. Fauver Co., 49 West Hancock St. 


HARRISON, N. J.— Whitehead Metal Products Co. 
1000 South Fourth Ave. 


HOUSTON 3, Tex.—Metal Goods Corp., 711 Milby St. Lucite number panels. Instru- | 
HOUSTON 1, Tex. —Standard Brass & Mfg. Co. . : . : : DEPENDABLE 
2018 Franklin St. ment is 32 in. high, 21 in. wide, PHYSICAL QUALITY 
INDIANAPOLIS 27, Ind.—Korhumel Steel & Aluminum Co.| and 16 in. deep and requires a 117 
| 





PERFECTION 
OF SURFACE 








UNIFORMITY 





3562 Shelby St. 
JACKSONVILLE, Fla.—Florida Metals Inc. v, 60 cps, 260 w power supply. 


2937 Strickland St. | Manufactured by Berkeley Scien- 

KANSAS CITY 16, Me. ohkenc Ge "| tific Div., Beckman Instruments 

KNOXVILLE 5, Tenn. —Leinart Engineering Co. | Ine., 2200 Wright Ave., Richmond, : 
412 E. 5th Ave. Calif 

LOS ANGELES 4, Cal. —Haskel Engineering & Supply Co. . oJ You 
721 W. Broadway, Glendale .. For more data circle MD-104, page 191 


LOS ANGELES 12, Cal. —Metropolitan Supply Co. 
353 East 2nd St. 


MEMPHIS, Tenn. —J. E. Dilworth Co., 730 South Third St. 
MILWAUKEE 3, Wis. —Morman Belting & Supply Co. 


522 W. State St. If you have a metal ball 
MILWAUKEE 4, Wis.—Wallace Cos. of Wisconsi q 
938 $0. ht. Plan Files problem, why not let Strom 
MINNEAPOLIS 15, Mina. — Vincent Brose & Copper Co. For drafting and engineering of- solve it for you. Whether for 
we ve., So. — P 
NEW ORLEANS 12, La.—Metal Goods Corp., 432 Julia St. fices, a new line of metal 5-drawer precision ball bearings or 
NEWPORT NEWS, Va.—Noland Co., 27th St. & Virginia Ave. plan files have been announced. | for one of many other ball 
NEW YORK 12, N. Y.—WNelson Hydrowic Equipment, Inc. | TJseful for filing blueprints, indus- | PPlications.. . Strom will 
NEW YORK 14, N. Y.—Whitehead Metal Products Co. trial work plans and layouts, | supply the right ball to meet 
303 West 10th St. ' , . 
our requirements. For 
PHILADELPHIA 40, Pa. —Whitehead Metal Products Co. sketches and drawings, and any | y q 
1955 Hunting Park Ave. items that must be stored flat. | more than a quarter century, 
PITTSBURGH 33, Pa. — Williams & Co., 901 Pennsylvania Ave. | industry has looked to 
PORTLAND 10, Ore. —Hydraulic Power Equipment Co. | 
2316 N. W. Savier St. | Strom for metal balls of 
ROANOKE 10, Va.—Noland Company, 11 Salem Ave. Ss . 
ROCKFORD, Ill. — Rockford Tool & Transmission Co. —_ urpassed quality. 


802 Broadway 


SALT LAKE City 4, Utah—Pace-Turpin & Company 
726 South Third, West 


SAN FRANCISCO 3, Cal. —General Machinery & Sup. Co. 
1346 Folsom St. 


SEATTLE 9, Wash. —Palmer Supply Co., 222 Westlake, N. 


SHREVEPORT, La. —Standard Brass & Mfg. Co. 
1557 Texas Ave. 


ST. LOUIS 15, Mo. —Metal Goods Corp., 5239 Brown Ave. 


SYRACUSE 4, N. Y.—Whiteheod Metal Products Co. 
207 W. Taylor St. 


TOLEDO 2, O.—Williams & Co., 650 E. Woodruff Ave. 
TULSA, Okla.—Ardun Supply Co., 317 S. Detroit 
TULSA 3, Okla. —Metal Goods Corp., 302 North Boston 
CANADA — Railway & Power Engineering Corp. Ltd. 
EXPORT— Mercator Corp., 438 Walnut St., Reading, Pa. 
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Air or hyd raulic eee | Engineering Equipment 


| Drawers have ball bearing rollers 
| 








and have positive locking feature 

which keeps them in position when 

in use. Finished in hammer gray 

aTi | enamel, the Mayline 5-drawer unit 
ae eee is constructed to allow stacking to 
whatever number desired. Made in 
many popular sizes by the Engi- 
neering Mfg. Co., Sheboygan, Wis. 


For more data circle MD-105, page 191 









Counting Rate Computer 


A new computer has been devel- 
oped and designed to record ran- 
dom counting rates on a linear 
chart with a constant computed 
statistical accuracy. Unit utilizes 
| a slidewire resistor driven by a syn- 
| chronous motor which provides a 
| circuit resistance proportional to 
time. 

Computer must be used with a 
scaling circuit adjusted for fixed 


























standard... 


.. Anker-Holth matches 





| 


ind d ly 
your cylin er nee Ss exact y | count operation. Modifications can 


be made to provide faster opera- 

tion at low counting rates by use 

of the Cooke-Yarborough method 

but results are less accurate. Chas- 
@ When you bring your power cylinder problems to Anker-Holth, is layout provides for easy addi- 
you get the engineering assistance of cylinder specialists... backed | tion of accessory pulse generator. 
Developed by Research & Control 
Instruments Div., North American 
Philips Co. Inc., 750 S. Fulton Ave., 
Mount Vernon, N. Y. 


For more data circle MD-106, page 191 


by our modern manufacturing facilities. There is no 
compromise. If it takes a special cylinder—regardless of size or 
type—you get the right power cylinder for your specific 
requirements . . . air or hydraulic. 


Call or write for this help today. Anker-Holth Division of 
The Wellman Engineering Company, Dept. A-4, 


2723 Conner St., Port Huron, Michigan. ‘ , 
Multichannel Oscillograph 


Among the important features 
of Midwestern’s rugged new Model 
580 oscillograph are 14 channels of 
separate data, full-width timing 
lines at 0.01-second with 0.1-second 
lines accentuated or 0.1-second 


FREE on request...bulletinoncom Division of THE WELLMAN ENGINEERING COMPANY lines only, and trace identification. 
plete line of Anker-Holth products. 
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AUTHORIZED SERVICE SHOPS THROUGHOUT THE UNITED STATES 








ALABAMA QUINCY Electric Motor Repair Co. MONTANA , , ERIE Erie Electric & Machine Co. 
BIRMINGHAM ROCKFORD Rockford Industries, Inc. MISSOULA Industrial Electric Co. LANCASTER Fidelity Electric Company 
Birmingham Electric & Mfg. Co. ROCK ISLAND Torrance Elec. Co., Inc. NEBRASKA NORRISTOWN Coleman & Schmidt 


DECATUR Decatur Electric Service Co. 
FLORENCE Fortney Electric Co. 

MOBILE Russell Electric Company, Inc. 
MONTGOMERY Standard Electric Co. — 
TUSCALOOSA Eddie's Elec. Motor Service 


ARIZONA 

LOWELL Copper Electric Company, Inc. 
PHOENIX Daley Electric Company 
PHOENIX Motor Rewinders 

SAFFORD Valley Electric & Machine Co. 
TUCSON Pima Electric Company 


ARKANSAS 

FORT SMITH @icump Servi ad 
LITTLE ROCK 3¥q lectric Company 
PINE BLUFF fw quip. Service Co. 


CALIFORNI 

BAKERSFIEL@® Elec. Motor Sales & Serv. 
BLYTHE Jag#0O. Dance Electric 
BRAWLEY Moyle Electric Company 
CORNINGMeuhardt Electric 
FRESNO@Blackstone Electric Motor Shop 
GRASS MALLEY Sierra Elec. Motor Serv. 
LOS AMBELES Gory Electric Service 
LOS ANBELES Larsen-Hogue Elec. Co. 
MARY@AILLE Kinney Electric 

MOD@STO Industrial Electric Company 
OAKLEND T. L. Rosenberg Company 
OCEAMSIDE The Electric Motor Service 
PAS, NA Pompey Elec. Motor Service 
POMO Pomona Elec. Mach. Co., Inc. 
RED £ F Red Bluff industrial Elec. 
RIVER Backstrand Brothers 
SACRANENTO Williams Electric Service 
SALINAM Quality Electric Company 

SAN DINGO Bay City Electric 

SAN JOS@Kurze Electrical Works 
SANTA CR Coast Electric Motor Service 
SANTA RO Leete Electric Motor 
STOCKTON Wanley Electric Motor Co. 
VENTURA Offield Electric Company 


WATSONVIL Elec. Motor Works 
WILMINGTON Ets-Paip & Galvan 
WOODLAND Industrial Wiator Electric 


COLORADO 
DENVER Tree Electric Serv 
DENVER Weaver Electric Cé 
FORT COLLINS 
Al Pennock Electric Motor Service 


CONNECTICUT 
BRIDGEPORT 

Electric Motor Sales & Service 
NEW BRITAIN Monarch Electric Co. 
NEW HAVEN G. E. Wheeler Company 


DELAWARE 

WILMINGTON McHugh Electric Company 

DISTRICT OF COLUMBIA 

WASHINGTON, D. C. Carty Electric & 
Armature Service, Inc. 


FLORIDA 
MIAMI Peninsular Armature Works 
PANAMA CITY West Florida Elec. Service 


GEORGIA 

ATLANTA Cleveland Electric Company 
MACON Electric Repairs, Inc. 
SAVANNAH Electric Motor Service Co. 


IDAHO 

BOISE L & K Electric Motor Co. 
LEWISTON E. D. Smith & Son 
POCATELLO C-L Electric Company 


ILLINOIS 

AURORA Connell Manufacturing & Electric 
CHICAGO Excel Electric Service Company 
CHICAGO Lehman Electric Company 
CHICAGO Sievert Electric Company 
DECATUR industrial Electric Shop 

EAST ST. LOUIS Illinois Elec Works, Inc. 
LA SALLE Monarch Electric & Supply Co. 
MARION Giles Armature & Elec. Works, Inc. 
PEORIA Hendricks Electric Company 





INDIANA 

EVANSVILLE Fianders Elec. Motor Serv. 
FORT WAYNE V. M. Nussbaum & Company 
INDIANAPOLIS Moran Elec. Serv. Co. 


OWA 
CEDAR RAPIDS Electric Motors Co., Inc. 
DAVENPORT 

industrial Engineering & Equip. Co. 
DES MOINES Electric Equip. Co., Inc. 
DUBUQUE Dubuque Electric Motor Serv. 
MARSHALLTOWN Egleston Electric Co. 
MASON CITY Zach Bros. Electric 
SPENCER Pixier Electric Co. 


GARD , 

GREAT BEND Johnson Electric Co., Inc. 

HUTCHINSON Hilton Electric Company 

SALINA Mid-States Armature Works, Inc. 

KENTUCKY 

LOUISVILLE Krauth-Campbell Electric 
Company, Inc. 

MADISONVILLE Whitfield Electric Co. 

LOUISIANA 

ALEXANDRIA Alexandria Armature Co. 

LAFAYETTE Hub Armature Works 

LAKE CHARLES Gulf Armature Company 

MONROE Poulan’s Electrical Company 

NEW ORLEANS New Orleans Armature 


Works 
SHREVEPORT Shreveport Armature & 
Elec. Works 
MAINE 
BREUER Leen’s Electric Motor Service 
MARYLAND 
BALTIMORE Keystone Electric Co., Inc. 


HAGERSTOWN Hagerstown Equip. Co., Inc. 


MASSACHUSETTS 

BOSTON Sandman Electric Co., Inc. 
BOSTON Skillings Electric Company 
PITTSFIELD Elec. Supply & Repair Co., Inc 
SPRINGFIELD Superior Electric Co., Inc. 
WORCESTER Alfred L. Brown Assoc., Inc. 


MICHIGAN 
BATTLE CREEK Electric Motor Company 
DE TBO Michigan Electric Motors Co. 

u iler-Seldon Electric Company 
KALAMAZUGBKalamazoo Elec. Motor Serv. 
LANSING F. WHayes Co. 

MUSKEGON take Electric Company 
PONTIAC Hodge@pu ptor Company 


PORT HURON Fi ugh Wectric Co. 
SAGINAW Lange and Leamafiigiec. Co. 
MINNESOTA 


MINNEAPOLIS Boustead Elec. &¥ifg. Co. 
ST. PAUL Commonwealth Electr Co. 


MISSISSIPPI 
JACKSON Power Electric Company 


MISSOURI 

JEFFERSON CITY Linsenbardt Electric Co. 

KANSAS CITY Independent Electric 
Machinery Company 

KANSAS CITY Kornfeld-Thorp Elec. Co. 

SPRINGFIELD Springfield Elec. Serv. Co. 

ST. LOUIS Carl |. Schaeffer Elec. Co. 

ST. LOUIS Interstate Electric Co., Inc. 





BEATRICE Sprague Electric Service, Inc. 
COLUMBUS Overturf Electric Motors 
GRAND ISLAND Motor Engineering Works 
KEARNEY Industrial Electric Service 
LINCOLN Colin Electric Motor Serv. Co. 
OMAHA Omaha Electrical Works 


NEW HAMPSHIRE 
MANCHESTER Cohen Machinery Co., Inc. 


NEW JERSEY 
EAST RUTHERFORD Standard Electric 
Motor Repair 
FREEHOLD Blain Electric Motor Shop 
LINDEN Standard Elec. Motor Repair Co. 
PATERSON Lyons Electric Company, Inc. 
' RVILLE Electric Motor Service 
gam ical Motor Repair Co. 
WwooDsBU pe cty 


otor Repair Co. 
NEW ¢ 
ALBUQUERU Powel *SEERaaamaOrp. 
CARLSBAD E. D. Saund ? 0. 
NEW YORK 


AUBURN Auburn Armaftet 
BATAVIA Secord Elect 
BUFFALO Lang Electri Inc 
JAMESTOWN Elec. Mo - 
NEW YORK Premier E Rang. Co. 
ROCHESTER O. G. Sch ompany 
STATEN ISLAND Jedco ERctrical Corp. 
SYRACUSE Murray Electric Company 
UTICA Mather Evans & Diehl Co., Inc. 


NORTH CAROLINA 

CHARLOTTE Jones Electric Repair Co. 
CHARLOTTE Southern Elec. Service Co. 
GREENSBORO Southern Elec. Ser. Co. 
RALEIGH Elec. Motor & Repair Co. 
ROCKY MOUNT Hammond Electric Co. 





OHIO 
CHILLICOTHE Duffy Electric Company 
CINCINNATI Barkley Electric Company 
CINCINNATI The Sullivan Elec. Co. 
CLEVELAND Center Elec. Service Co. 
LIMA Lima Armature Works, Inc. 
MANSFIELD Phoenix Electric Co. 
MARION Marion Elec. Motor Service, Inc. 
NEW PHILADELPHIA 

Fenton Bros. Electric 
SPRINGFIELD The B & M Electric Co. 
TOLEDO Romanoff Elec. Motor Service 
ZANESVILLE Reliable Eleo ; 9 


OKLAHOMA 
By tric Bpmpany 
SISKOGEE Gehe ric Company 
DWATA Gordon Machine & Electric Co. 
OKLAHOMA CITY 
Southwest Electric Co., Inc. 
TULSA Bartlett Electric Co. 


OREGON 

EUGENE Kalen Elec. & Machine Co. 
KLAMATH FALLS Ray Bigger Elec. Equip. 
NEWBERG Gibbs Electric Company 
PORTLAND Reed Electric Company 
ROSEBURG Ridenour Electric Company 
SALEM Walton Brown Electric Company 
PENNSYLVANIA 

ALLENTOWN H. N. Crowder, Jr., Company 
ALTOONA H. D. Force Co. 

EASTON Stokes Engineering & Supply Co. 


TERLIN 


Plants: New York City 51 ¢ Los Angeles 22 * Hamilton, Ontario, Canada ¢ Santiago, Chile 


PHILADELPHIA Atlantic Elec. Motors Co. 
PHILADELPHIA J.J.Smith Elec. Motor Co. 
PITTSBURGH Electric Mfg. & Repair Co. 
POTTSTOWN Mellon Engr. Co. 

READING Standard Elec. Service Corp. 
WILLIAMSPORT G. |. Electric Company 


RHODE ISLAND 

PAWTUCKET New England Machine & 
Electric Company 

PROVIDENCE Walco Elec. Products Co. 

SOUTH CAROLINA 

GREENVILLE Southern Elg 

SPARTANBURG Souther 


TENNESSEE 
KNOXVILLE Tennessee Brmature 
Electric Company 


ervice Co. 
ervice Co. 


MEMPHIS Frank Steams Ele 0. 

NASHVILLE Ele Machiglty & 
Supply : 

TEXAS 

BEAUMGQ Elec. Machiner Repair Co. 


CiSCOmaiton Electric Co 
D> CHRISTI Bradieys' M@ior & 
Armature Works 
ORT WORTH Warrigag@tlectric Shop 
HOUSTON Roy A. B@entz Company, Inc. 
HOUSTON Texas Arffature Works 
LUBBOCK Lubbock @lectric Company 


LUFKIN Elec ery & Repair Co. 
McALLEN M Armature Works 
SAN ANTON 4 

Electric fapervice & Sales Co. 


UTAH 
SALT LAKE C Schraga Electric Co. 


VERMONT 

BARRE Cushma ectric Co. 

VIRGINIA 

NORFOLK Vigfinia-Carolina Electrical 
Works, 4 

RICHMO Elec. Motor & Repair Co. 


ROANOK® Lioyd Electric Company 
STAU Johnson Electric Company 


WAS@INGTON 
ABEG@EEN Industrial Elec. Service Co. 
EPH@ATA Gardner Electric 
LONEVIEW Longview Electric 
MOUBT VERNON Mount Vernon Electric 
M@or Service 
OKA AN H. H. Hall Motor Shop 
SEAT Seattle Electric Works 
SPOKAME Tinling & Powell 
ALLA LLA Berry Electric Company 
ATC Pacific Electric Service 
MA Clipper Elec. Motor Service Co. 


we GINIA 

CHAR DN Charleston Elec. Sup. Co. 
CLARKSBURG Barnes & Brass Electric Co. 
WHEELING Whitney Electric Co. 


WISCONSIN 

APPLETON Kurz Electric Service Co. 
GREEN BAY Beemster Electric Company 
KENOSHA Hammes Electric Motors Co. 
MILWAUKEE Elec. Sales & Engr. Co. 


WYOMING 
CASPER Electric Service Co. 


ELECTRIC 
MOTORS 


Offices and distributors in all principal cities 














> FOR EXAMPLE 
TO MAKE A 90° TURN 


A truck recording device, driven off the speedometer cable, had to 
be installed where it could be easily seen by the truck driver. The 
installation of the device made it necessary to provide a short 90 
drive between the speedometer cable and the instrument. The orig- 
inal design called for a gear box to make the right angle coupling. 
This arrangement proved unsatisfactory, because the friction load 
imposed by the gear box and the recorder in cold weather caused 
a number of speedometer cable failures. As a result, the manufac- 
turer chose — 


THE LOW-COST SOLUTION 


AN S.S.WHITE POWER DRIVE FLEXIBLE SHAFT 





As the sketch shows, the flexible 
shaft, operating in a 90° elbow 
was a simple, low-cost way to do 
the job. In fact, since adopting 
the flexible shaft, the manufac- 
turer reports that complaints of 
broken speedometer cables have 
been negligible. Let S.S.White 
engineers show you how flexible 
shafts can cut costs on your own 
power drive applications. Chances are they’ll be able to point out 
ways to save not only on maintenance costs, but on production, 
parts and assembly costs as well. 







S.S.WHITE 
FLEXIBLE 
» SHAFT 





90° ELBOW 











The Design Engineer’s Bible — 

This 256-page flexible shaft handbook has complete details 
on flexible shaft selection and application. Copy sent free 
if requested on your business letterbead. 


TP 
cunt iiitiieans DIVISION 


DENTAL MFG. CO. Dept. 4, 10 East 40th St. 
NEW YORK 16, N. Y. 








Western District Office * Times Building, Long Beach, California 
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Instrument incorporates a shutter- 
type “acceleration-proof” precision 
timer and has provision for record 
numbering. Full- width viewing 
screen displays galvanometer traces 
on one-to-one ratio with the traces 
being recorded; traces may be ob- 
served while oscillograph is oper- 
ating. Precision galvanometers are 





available with undamped natural 
frequencies up to 3500 eps. 

Can be made to record at speeds 
of 1, 3, 64%, 13, 32, and 42 in. per 
second. Constructed of cast alu- 
minum, unit is 714 in. wide, 614, in. 
high, and 12% in. long. Uses 3% 
in. wide recording paper in lengths 
up to 100 ft. Manufactured by 
Midwestern Geophysical Labora- 
tory, 3401 S. Harvard, Tulsa, Okla. 


For more data circle MD-107, page 191 


Strain Indicator 


Operation with either batteries 
or ac power pack is the feature of 
the new model M Baldwin port- 
able SR-4 strain indicator. An ac 
power pack is available that fits 
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in the battery compartment and is 
mounted on the separate back cov- 
er of the instrument case. 

Instrument provides direct read- 
ings in microinch per in. units up 
to 30,000 and can be used with an 
external Wheatstone bridge. Meas- 
uring accuracy is within +2.5 mi- 
croinch per in. for the “thousands” 
step. Slide wire tolerance is +5 
microinch per in. and gage factor 
adjustment is accurate within+ 14 
per cent. Instrument is approxi- 
mately 6 by 9 by 12 in. in size. De- 
veloped by Baldwin-Lima-Hamil- 
ton Corp., Philadelphia 42, Pa. 

For more data circle MD-108, page 191 


Electronic Tachometer 


Measurements of speed, fre- 
quency, or events per unit of time 
can be made with the new Stand- 
ard electronic tachometer. Ac- 
curacy to +1 pulse is obtainable 





depending on point in pulse gen- 
erator cycle that the gate is 
opened and closed. Accuracy of 
time base is 1 part in a million. 
The instrument can be operated 
from any photoelectric, magnetic, 
electrical or electromechanical 
means producing pulses from 0.2 
to 115 v without marked multiple 
peaks. 

Circuit employs the use of 22 
standard miniature tubes, 6 ten- 
element glow tubes, and 1 high- 
speed read-out unit containing 10 
standard neon lamps. For easy 
servicing when required, instru- 
ment has an 11-unit plug-in sub- 


chassis. Made by The Standard 
Electric Time Co., Springfield, 
Mass. 


For more data circle MD-109, page 191 
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WHEN THE 
PART MUST... 


provide a seal 
“cushion” a shock 
act as a wick 
dampen noise 

polish or buff 
protect surface finish 
isolate vibration 

act as a filter 






N GET ial RESULTS 
\TH 
OU NEED BY Wielt.4inhe W 
Y 


ELT 


y FELTERS 


E, THICKNESS, 
SISTENCY 


YOU CA 









IN eet SHAT 
COLOR OR CON 





Whether you need 
material hard as a board 
or so soft it can be 
accordion pleated, a call 
to Felters can solve your 
problem. Information 
about the jobs you can do 
with Felt is in the 
‘**Felters Design Book’”’ 
Ask for your copy | 
today. There’s no | 
obligation. 





the FELTERS 


Company 
218 South Street, Boston 11, Mass. 























Three MICRO switches shown at 
feed table end of labeler provide 
automatic control of the label 
picker and gumming mechanisms 





ry a 
| Se | i A DIVISION OF 


; MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 


MAKERS OF PRECISION SWITCHES 
FREEPORT, ILLINOIS«@ 

















Automatic Labeler of the Economic achin 
Division of George J. Meyers Manufacturing apa! 
This ingenious machine is designed to label cylindsical 
vials or bottles at an adjustable speed range of from 90 to : 
180 bottles per minute. Automatic operation at such speeds 
depends on freedom from jamming because of free labels, 
broken glass or a bottle out of position. . g 
Engineers of the Economic Machinery Company de- World Model B Automatic Labeler ©‘ « 
sinc MICRO sitchen into the machin overeat coer peepee 
at strategic poin 
@ They prevent picking up a label unless there is 
a bottle in position to receive it. 


@ They stop the machine if a bottle is in position to 




























ba broken or to jam the machine. These two roller arm-actuated 
MICRO switches control the 

@ They control the label picking and gumming : solenoid which prevents the ma- 
mechanisms. i chine from jamming or labeling 


when a bottle is not in position 


MICRO switches were selected as components of this auto- 
matic labeling machine because of their precise, dependable 
operation, their quick response to slight operating force, 
and sealed actuating plungers to keep out dirt and dust. 

MICRO switches have proved to be “a principle of good 
design”’ in over 6000 specific applications for which switch 
types have been developed. One of them may give just 
the “lift” needed to your new product or to the redesign 
of an existing product. MICRO field engineers, experienced 
in every phase of industry, are available for advice and 
counsel to help you in the selection of a switch, or the 
development of @ new switch if thet is indicated. Call the | 
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AND EXPOSITIONS 


Aug. 19-21— 

Western Electronic Show and 
Convention to be held at Civic 
Auditorium, San Francisco, Calif. 
Additional information may be ob- 
tained from society headquarters, 
Merchandise Mart, San Francisco 
3, Calif. 





Sept. 6-11— 

American Chemical Society. Fall 
meeting to be held at Hotel Conrad 
Hilton, Chicago, Ill. R. M. War- 
ren, 1155 16th St., Washington, 
D. C., is assistant secretary. 


has collsitis™ cramped 
your production flow? 


Sept. 13-17— 

Electrochemical Society Inc. Fall 
meeting to be held at the Ocean 
Terrace Hotel, Wrightsville Beach, 
N. C. Dr. Henry B. Linford, 235 
West 102nd St., New York, N. Y. 
is secretary. 


It’s a waste of costly time to pump out the solution every 
time your process heating and cooling tanks get indigestion 
due to pipe coil troubles. You can save this cost and 
eliminate production bottlenecks by replacing the pipe 
coils with Platecoils. Platecoils can be removed and 
replaced without dumping the solution. They simplify 
maintenance and save hours of downtime. They heat or 
cool 50% faster and take 50% less space in the tank. 
As revolutionary as the new wonder drugs, Platecoils cure 
production troubles involving heat transfer . . . 
and give profits a shot in the arm. 


Write for bulletin P71 today! 


Sept. 20-23— 

Packaging Machinery Manufac- 
turers Institute. Twenty-first an- 
nual meeting to be held at the 
Skytop Lodge, Skytop, Pa. Addi- 
tional information may be obtained 
from society headquarters, 342 
Madison Ave., New York 17, N. Y. 





Sept. 21-22— 

Steel Founders’ Society of Amer- 
ica. Fall meeting to be held at the 
Homestead, Hot Springs, Va. Ad- 





PLATECOILS SAVE 50% IN HEAT TRANSFER COSTS 







PLATECOILS At Continental Motors Corp., 3 crankcase on ; ‘ b 

sections can be cleaned at one time when ditional information may be ob- 

TRIPLE Platecoils are used while only one crank tained from society headquarters, 
PRODUCTION case can be cleaned with pipecoils in the 920 Midland Bldg., Cleveland, O. 


tank. Ask about other case histories. 


PLATECOIL 


REPLACES PIPE COILS 


Sept. 21-25— 
Instrument Society of America. 
Annual meeting and joint confer- 
| ence with the Industrial Instru- 
| ments and Regulators division of 
| 


In 








ASME to be held concurrently 
with the eighth national instru- 
| ment exhibit at the Sherman Hotel, 
sk | Chicago, Ill. Richard Rimbach, 921 
| Ridge Ave., Pittsburgh, Pa., is ex- 
hibit manager. 


Coil-itis — Diagnosed 
as tank heating and 
cooling problems. 
Platecoils — the pre- 
scription for solving 
pipe coil problems. 


PLATECOIL DIVISION, TRANTER MANUFACTURING, inc., LANSING 4, MICHIGAN 


Sept. 28-30— 
Association of Iron & Steel En- 
gineers. Annual meeting to be held 
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COTTER PIN WAY: Flint wheel shaft in lighter assembly requires cotter pin, 
washer, Difficulty in drilling perfect hole causes rejects. Assembly is slow, costly. 








TRUARC WAY: Waldes Truarc ‘’E’’ ring fits into groove in shaft; locks as- 


COMPARATIVE COSTS 


sembly securély for life. Groove is quickly, easily cut... assembly is simple, speedy. 





Cotter Pin Way Truarc Way 
Brown & Bigelow, St. not, aine., saved ever you use machined shoulders, bolts, Material 27° porerigs $PerM 
$6.95 per thousand units by incorpo- snap rings, cotter pins, there's a Truarc Shaft 8 Shaft 35 


rating Truarc Rings in the design for the 


REDI-FLAME compressed gas desk holding parts together. 2.44 "9.03 
ts wn of greater initial cost pon Truarc meer are precision- Leber on 
of Truarc Rings as against cotter pins, engineered...quick and easy to assem- 

waa. 9 arachg SA a — Shaft 10.22 Shaft «2.27 
they were able to cut machining and ble and disassemble, They can be used Washer 72 
assembly costs drastically—for an over- over and over again. Assembly 2 Assembly_<0 


all savings of 44%! 

Redesign with Waldes Truarc Rings 
and you too will cut costs. Wherever 
you have a fastening problem... wher- 


Ring designed to do a better job of 


Find out what Truarc Rings can do 
for you. Send your blueprints to Waldes 
Truare engineers for individual atten- 
tion, without obligation. 





Cotter pin .46 
Washer 1.50 





TOTAL $22.66 


Truarc ring 8.68 





TOTAL $15.71 


TOTAL SAVINGS WITH TRUARC RINGS: 
$6.95 or 44% 








For precision internal grooving and undercutting ... Waldes Grooving Tool. 

































/ SEND FOR NEW BULLETINS te S77 Woldes Kohinoor, Inc., 47-16 Austel Place, L. 1. C. 1, N. Y. i 
a] Woe send engineering specifications and data on Waldes i 
. Truarc Retaining Ring types checked below. MD075 | 
WALDE D Bulletin #5 Self-locking ring types | 

D Bulletin #6 Ring types for taking up end-play 
: 0 Bulletin #7 Ring types for radial assembly i 
yt 0 Bulletin #8 Basic type rings i 
a ft O Send me information about the Waldes Grooving Tool. ; 
| Name I 
REG. U.S. PAT. OFF. I Title i 
RETAINING RINGS I Conpeny I 
WALDES KROHINOOR, INC., LONG ISLAND CITY 1, NEW YORK I Business Address | 
Bo. PaTumves s.208,007, 2.208.000; 2.416088: 2.490.081; 2,490,943; 2.690.700, 8.041.006: 2.488.105: 4 City Zone____State__se7a ! 

SN NN RT SON RR tm a 


2,483,360; 2,463,383; 2,467,802; 2,487,603; 2,491,306; 2,509,061 AND OTHER PATENTS PENDING. 
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We would tina Gato tren pions endl ae te” 
story is well told in our new catalog No. 1053. 
It shows you just what we do and how we do 

it. Write Roll Formed Products Company, 
Youngstown, Ohio. 


ROLL FORMED PRODUCTS 
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Meetings and Expositions 





at Hotel William Penn, Pittsburgh, 
Pa. T. J. Ess, 1010 Empire Bldg., 
Pittsburgh, Pa. is managing di- 
rector. 


Sept. 28-30— 

National Electronics Conference. 
Ninth annual conference to be held 
at the Sherman Hotel, Chicago, 
Ill. under the sponsorship of the 
American Institute of Electrical 
Engineers, the Institute of Radio 
Engineers, Illinois Institute of 
Technology, Northwestern Univers- 
ity, and the University of Illinois, 
with participation by Purdue Uni- 
versity and the University of Wis- 
consin. §S. R. Collis, N. E. C. 
Publicity Committee, 208 West 
Washington St., Chicago 6, IIL, is 
chairman. 


Sept. 30-Oct. 2— 

Procelain Enamel! Institute. 
Twenty-second annual meeting to 
be held at the Greenbrier Hotel, 
White Sulphur Springs, W. Va. 
Additional information may be ob- 


AMBLER 


Technical Service Data Sheet 
Subject: PROTECTING FRICTION SURFACES 


WITH GRANODINE® 


[PROCES SES) 


=== AneRicam Cueyicar, Pau Coppanay 


[cme MIC AL | 


ACP 








INTRODUCTION 


Fabricators and product designers, particularly in the automotive field, 
are aware that even highly polished surfaces under friction weld, gall and 
score. One of the most inexpensive and practical methods of preventing 
this is to coat the metal to prevent metal-to-metal contact. With cast iron 
or steel, the “Thermoil-Granodine” manganese-iron phosphate coating 
provides a wear-resistant layer of unusual effectiveness. 





**THERMOIL-GRANODINE” 
PROTECTS RUBBING 
PARTS 


Thermoil-Granodizing removes 
“fuzz” from ferrous metal friction 
surfaces and produces a coating of 
non-metallic, water-insoluble manga- 
nese-iron phosphate crystals which 
soak up and hold oil as bare untreated 
metal cannot do. The oiled crystalline 





tained from society headquarters, | 
Dupont Circle Bldg., 1346 Con- | 
necticut Ave., Washington, D. C. 


“Thermoil-Granodine” coating on 
piston rings, pistons, cylinders, cylin- 
der liners, cranks, cam-shafts, gears, 
tappets, valves, spiders and other 
rubbing parts, allows safe break-in 
operation, eliminates metal-to-metal 
contact, maintains lubrication and 
reduces the danger of scuffing, scor- 
ing, welding, galling and tearing of 
the metal. The work to be protective- 
ly treated is merely Thermoil-Grano- 
dized and oiled, usually with a 
soluble oil. 





Thermoil-Granodizing greatly prolongs the life 


Oct. 5-7— 

American Society of Mechanical 
Engineers. Fall meeting to be held 
at Hotel Sheraton, Rochester, N. Y. 
C. E. Davies, 29 West 39th St., 
New York 18, N. Y., is secretary. 


| 
of parts subject to friction. It protects the 
surface of products like the diesel engine liners 
shown above and the many moving parts of 
automobiles and other machines. ‘“Thermoil- 
Granodine”’ with its remarkable lubricating 
properties is particularly valuable in these 
and similar applications because of its ability 
to retain oil and maintain lubrication under 

high pressures and high velocities. This ACP 
wear-proofing chemical not only permits rapid 
break-in without scoring, scuffing and welding 
but also reduces subsequent wear on friction 


Oct. 8-9— | parte. 


National Conference on Indus- 
trial Hydraulics. Ninth annual "“THERMOIL-GRANODINE” MEETS THESE SPECIFICATIONS 


meeting to be held at Hotel Shera- 
ton, Chicago, Ill. J. G. Duba, 














SPECIFICATION NUMBER SPECIFICATION TITLE 

















Illinois Institute of Technology, MIL-C-16232 Coatings — phosphate; oiled, slushed, or waxed 
Technology Center, Chicago 16, IIL, Type I ees — surfaces) and phosphate 
is secretary. . 
| ye # US.A. 3-213) Finishes, for electronic equipment. 
Oct. 12-13— 
U.S.A. 57-0-2C = : F 
First Conference on Mechanisms. Type Il, Class A Finishes, protective, for iron and steel parts. 

Two-day conference to be held at US.A. 51-70-1 Painting and finishing of fire control instruments; 


Purdue University, West Lafay- Finish 22.02, Class A general specification for 
ette, Ind., under the joint sponsor- 
ship of the editors of MACHINE 
DESIGN and the faculty of the 
school of mechanical engineering at 


Purdue University. Additional in- | 





Navy aeronautical process specification for com- 


M-364 pound phosphate rust-proofing process. 

















formation may be obtained. from | WRITE FOR FURTHER INFORMATION ON CHEMICALS 
the Editor, MACHINE DESIGN, Pen- | “THERMOIL-GRANODINE” AND ON YOUR OWN METAL 
PROCESSES 





ton Bldg., Cleveland 13, O. PROTECTION PROBLEMS. 
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Worm Drives 


A proposed method for standard- 
industrial 
worm gearing 


izing general 
pitch cylindrical 


By F. G. East 


Development Engineer 


coarse 


Hamilton Gear & Machine Co. Ltd. 
Toronto, Ontario, Canada 


Worm gearing, although one of 
the oldest types of gearing, is 

the one remaining type for which 
no recognized standard of design 
for the general industrial coarse 
pitch range exists on this continent. 
There is an excellent ASME- 
ASA-AGMA standard covering the 
fine-pitch range but there is no 
standard in the general industrial 
coarse-pitch range. Lacking a 
standard, manufacturers of worm 


gears and worm gear reduction 
units have individually set up their 
own standards for tooth propor- 
tions, pressure angle, worm diame- 
ters, gear faces, etc. A standard 
recognized by the industry for all 
future designs is long overdue and 
would be of inestimable assistance 
to engineers and designers of new 
equipment. 

Obviously if a limited number of 
gear sets are required, the cost of 





| 


4. 


Output torqué capacity (10,000 Ib-in.) 


35 
—, 


0 2 4 





isp, at \OOrpm 


page aay 
£2, at 100 rpm 
_— 


| 
' 
—-= ot 
‘ 
| 


elinnien a 
\$p, at IBOO rpm 


$A, at 18OOrpm 





Worm pitch diameter(in.) 


DESIGN 


ABSTRACTS | 





tooling is important. If design 
can be modified somewhat to suit 
existing facilities, it is advisable to 
consult one or more manufacturers 
to see what toeling is available 
that will produce gears close to the 
sizes desired rather than design 
strictly to a standard. However, 
the tentative design to submit to 
the manufacturer should be based 
on some recognized standard and 
for a uew design that is to be 
made in sufficient volume to war- 
rant the purchase of tooling, ad- 
herence to this standard is pref- 
ereble and strongly recommended. 

In developing standards for their 
own use, most manufacturers have 


Fig. 1—Left—Power capacity of gear sets versus worm pitch 
diameters for various center distances and worm speeds 


Fig. 2—Below—Cross-section of gear teeth for worms with 
various lead angles 








a= | 


20° Normal pressure angle 








. 





25° Normal pressure angle 















Lead angle 





6 30° 











a 65 45° 
Lead angle 
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found that good design usually lim- 
its suitable pressure angles and 
tooth proportions for various lead 
angles. These are not calculated 
from the same bases by different 
manufacturers but the end results 
are very similar. The discussions 
and recommendations which follow 
apply to parallel cylindrical worms 
meshing with throated worm gears 
with the axes of the worms and 
gears at right angles. The worm 
proportions recommended may also 
be used for worms and gears mesh- 
ing at angles other than 90 degrees. 

The nominal pitch diameter of 
the worm (which for calculation 
purposes is assumed to be at the 
mean of the working depth) is the 
dimension most in need of stand- 
ardization. Since no standard ex- 
ists, no two designs will specify the 
same worm pitch diameter. Conse- 
quently since the hob which cuts 
the gear must match the worm di- 
ameter, a hob bought for one de- 
sign will not be suitable for any 
other except by the most unlikely 
coincidence. Obviously the worm 
pitch diameter will, of necessity, be 
dependent on a number of factors 
including pitch, center distance, 
span between bearings, whether the 


Table 1—Equations for Worm 
Dimensions 





Lead 
l= Nw Dz 


Nominal Pitch Diam* 
dmax = 0.53 (0.745C + p,) 


or 





( 3.33 + 0.395 N, ) 
1.67 + Ny, 


din = 0.51 (0.388C + p,) 


or 





( 3.20 + 0.198 N, ) 
1.6 +N, 


Outside Diam 
d, = d+ 2a 


Minimum Face 
pegs PT 


Lead Anglet 











N 
= tan? —— 
wa 7q 


A = tan-! 








_ “See recommended standard pitch diameters 
in TABLES 4 and 5. tSee TaBLe 4 for lead 
angles of standard worms. 


worm is integral with its shaft or 
bored, the material in the worm, 
etc. Many of these factors are dic- 
tated by the design of other ma- 
chine elements so that no one worm 
diameter for any given pitch will 
meet the requirements of all de- 
signs. However, this paper rec- 
eommends a limited group of diame- 
ters for each pitch to eliminate the 
infinite number of diameters which 
will develop if no standard diame- 
ters are proposed. 


Worm Pitch Diameters: If the 
power capacity of gear sets with 
worms of different pitch diameters 
is plotted for a given center dis- 


Table 2—Equations for Gear 
Dimensions 





Pitch Diam 
Nog Px 
7 
Throat Diam 
D, = 2C — d+ 2a 
Outside Diam* 
Normal D, = D; + a 








Maximum D, = D, + 15 a 
Effective Face Width 
F, = V d,? — q2 
Helix Angle+ 
Ny 
v = tan! = tan"! 
Td 7q 





*Round off to nearest 1/16 inch. Maximum 
increment to be applied to low lead angle 
gearing only. tSame as lead angle of worm. 


Table 3—Equations Common to 
Worm and Gear 





tance, the maximum power capac- 
ity varies as shown in Fig.1. The 
worm diameter that gives the max- 
imum power capacity varies with 
the pitch and the worm speed, If 
a range of worm diameters that will 
give 95 per cent of maximum power 
capacity is considered good prac- 
tice, the horizontal lines near the 
crests of the curves indicate that 
quite a range of worm diameters 
will satisfy this condition. Even if 
it is also assumed that most gear 
sets can run at different speeds, 
the range of diameters that will 
give power capacity within 95 per 
cent of maximum at all worm 
speeds between 100 and 1800 rpm 
will still be broader than required 
for most normal designs. 

Based on the foregoing premise, 
graphs for different center dis- 
tances and pitches similar to Fig. 1 
were drawn. A number of points 
were calculated for the crown of 
the curves so this portion would be 
as accurate as possible. From these 
graphs, empirical formulas for 
maximum and minimum worm di- 
ameters were developed, TABLE 1. 
These are not absolute limits but 























Normal Pressure Lead Angie 
Angle. 

¢ = 20° A < 30° 

¢ = 25° 30° <= < 45° 
Addendum Lead Angie 

a = 0.300 p.. A < 30° 

a = 0.275 p, 30° < \ < 38° 

a = 0.225 p. 38° = \ = 45° 
Whole Depth Lead Angle 

hy = 0.650 p, A < 30° 

h, = 0.600 p, 30° <= < 38° 

h, = 0.500 p, 38° =\ =< 45° 
Working Depth Lead Angie 

hy, = 0.600 p, h < 30° 

h;, = 0.550 p, 30° =A < 38° 

hy, = 0.450 p, 38° = < 45° 
Clearance Lead Angie 

c = 0.050 p, All 
Normal Pitch 

Pn = Pr COSxr 

or 

= Pp, COS y 


Nomenclature 
C = Center distance, in. 
D = Pitch diam of gear in cen- 
tral plane, in. 
D, = Outside diam of gear, in. 
D,; = Throat diam of gear, in. 
Dy, = Working depth diam of 
gear in central plane, in. 
F, = Effective face width of 
gear, in. 
N, = Number of teeth in gear 
N., = Number of threads in worm 
R, = Gear gorge radius, in. 
a= Addendum, in. 
c = Clearance, in. 
d= Nominal pitch diam of 
worm, in. 
d, = Outside diam of worm, in. 
d, = Root diam of worm, in. 
= Face width of worm 
(length), in. 
h;, = Working depth, in. 
h, = Whole depth, in. 
1 = Lead, in. 
Pn — Normal pitch of worm and 
gear, in. 
p, = Axial pitch of worm, in. 
q = Worm pitch diam quotient 
A = Lead angle of worm, deg 
¢ = Normal pressure angle, deg 


Nominal Center Distance 


C= % (D+ 4d) 


y = Helix angle of gear, deg 
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are recommended when applicable, 
because they keep the power ca- 
pacity as high as possible. 

Two formulas are given for both 
maximum and minimum diameters. 
One is based on center distance and 
pitch, and the other on center dis- 
tance and number of teeth in the 
gear. In each case one is the alge- 
braic transposition of the other, 
and the most convenient one can be 
used when designing a worm gear 
set. 

Worms, which are to be integral 
with their shafts and have maxi- 
mum efficiency, should lean toward 
the minimum diameter as calcu- 
lated by the formulas, because the 
lead angle increases when the di- 
ameter is reduced (the higher Jead 
angle produces higher efficiency). 
However, care must be taken to 
keep the root diameter of the worm 
large enough in relation to the span 
between the bearings to prevent 
undue deflection under load. Also 





: 


Working depth (in ) 
°o 
g 





on multiple-thread worms the di- 
ameter should be such that the lead 
angle does not exceed 45 degrees. 

Worms, which are to be bored 
and mounted on their shafts will 
approach more closely the maxi- 
mum diameter as calculated from 
the formulas. Bored worms should 
be kept as small as possible to ob- 
tain maximum lead angle and effi- 
ciency. However, they must have 
a root diameter large enough to al- 
low suitable metal thickness be- 
tween the bore or keyseat and the 
root of the thread. 


Standardized Worm Pitch Diame- 
ters: It is recommended that the 
worm nominal pitch diameter be 
made an imtegral number of half 
axial pitches with multiples of full 
pitches preferred. This recom- 
mendation applies whether the de- 
sign is within the minimum and 
maximum diameters obtained by 
the formulas or not. For example, 
the worm nominal pitch diameter 
should be 3, 34, 4, 44, etc., times 
the axial pitch with preferred worm 


Fig. 3 — Variation of 
working depth values 
based on three values 
of axial pitch, p,, from 
the smooth working 
depth curve developed 
from normal pitch, p, 






diameters of 3, 4, 5, etc., times the 
axial pitch. The number of axial 
pitches in the worm pitch diameter 
is designated as the worm pitch di- 
ameter quotient, g. By using this 
system of fixing the worm nominal 
pitch diameter, a finite number of 
worm diameters is obtained for any 
range of sizes and makes possible 
the tabulation of worm and gear 
dimensions as shown in TABLES 4 
and 5. It should be noted that 
worms of the same number of 
threads and worm pitch diameter 
quotient are geometrically similar 
and have the same lead angle re- 
gardless of pitch. 


Pressure Angle: The pressure an- 
gle must be high enough to avoid 
undercutting on the leaving side 
of the worm gear teeth. As the 
lead angle increases, the minimum 
pressure angle that will prevent 
this undercutting also increases. 
The approximate maximum lead 
angles that can be used with vari- 
ous normal pressure angles are as 
follows: 


Normal Pressure Maximum Lead 


Angle (deg) Angle (deg) 
14% 17 
20 30 
25 45 


Although this table indicates that 
a 1414-degree normal pressure an- 
gle can be used for lead angles up 
to 17 degrees, it is recommended 
that its use be discouraged and 20- 
degree normal pressure angles be 





























° t . 
baa , used for all worms with lead angles 
for various lead angles 
below 30 degrees and 25-degree nor- 
mal pressure angles be used for 
0450-1 : 
o 10" ae | worms with lead angles from 30 to 
angie e ° ® ® . 
45 degrees. This is in line with 
Table 4—Lead Angles and Normal Pitches* 
¢ = 20° ¢ = 25° 
Ny=1 N,=2 N,=3 Ny =4 N,=6 Ny =8 Ny=4 Ny =6 N,=8 
q nN Pn A Pn » Pn » Pn A Pn r Pn r Pn r Pn r Pn 
2 9° 3’ 0.9876 17°39’ 0.9529 25°31’ 0.9025 32°29’ 0.8436 43°41’ 0.7232 
2% 7°15’ 0.9920 14°17’ 0.9691 20°54’ 0.9342 26°59’ 0.8911 37°23’ 0.7946 45°32’ 0.7005 
3 6° 3’ 0.9944 11°59’ 0.9782 17°39’ 0.9529 23° 0’ 0.9205 32°29’ 0.8436 40°20’ 0.7623 
3% 5°12’ 0.9959 10°19’ 0.9838 15°16’ 0.9647 19°59’ 0.9398 28° 37’ 0.8778 36° 2’ 0.8087 
‘ 4°33’ 0.9968 9° 3’ 0.9876 13°26’ 0.9726 17°39’ 0.9529 25°31’ 0.9025 32°29’ 0.8436 
1% 4° 3' 0.9975 8° 3° 0.9902 11°59’ 0.9782 15°48’ 0.9622 23° 0 0.9205 29°30’ 0.8704 
5 3°39’ 0.9980 7°15’ 0.9920 10°49’ 0.9822 14°17’ 0.9691 20°54’ 0.9342 26°59’ 0.8911 
5% 3°19’ 0.9983 6°36’ 0.9934 9°51’ 0.9853 13° 2’ 0.9742 19° 9’ 0.9447 24°51’ 0.9074 
6 3° 2° 0.9986 6° 3° 0.9944 9° 3’ 0.9870 11°59’ 0.9782 17°39’ 0.9529 23° 0’ 0.9205 
6% 2°48’ 0.9988 5°36’ 0.9952 8°21’ 0.9894 11° 5’ 0.9814 16°22’ 0.9545 21°24’ 0.9311 
7 2°36’ 0.9990 5°12’ 0.9959 7°46’ 0.9908 10°19’ 0.9838 15°16’ 0.9647 19°59’ 0.9398 
7} 2°26’ 0.9991 4°51’ 0.9964 7°15’ 0.9920 9°38’ 0.9859 14°17’ 0.9691 18°45’ 0.9469 
. 2°17’ 0.9992 4°33’ 0.9968 6°48’ 0.9930 9° 3’ 0.9876 13°26’ 0.9726 17°39’ 0.9529 









*Dimensions shown in inches for axial pitch of 1 inch, 


MACHINE DESIGN—July 1953 






















Answer to a LOADed question... the b 
way to handle radial loads is with... 
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Wherever the jobs . . . and the loads . . . are big, 
you'll find radial roller bearings smoothing the 





path of power, because radial roller bearings give the 
greatest load-carrying capacity within given bound- 
ary dimensions. And, whenever radial loads enter 
the picture, design engineers naturally turn to Hyatt 
for the most complete line of radial roller bearings 
available anywhere. The wide range of Hyatt 

Roller Bearing sizes and types allows the engineer 


greater design flexibility, makes his job easier. If you 


are not familiar with the complete Hyatt line, write 
for our general catalog No. 150. Hyatt Bearings 
Division, General Motors Corporation, Harrison, N. J. 
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current practice to discontinue the 
use of the 1414-degree pressure an- 
gle as a standard for gears of other 
types and also conforms with the 
fine-pitch standard. 


Pitch: The pitch should be speci- 
fied parallel to the axis of the 
worm, This is known as the axial 
pitch of the worm and is the same 
as the circular or transverse pitch 
of the gear. This is common prac- 
tice and is most satisfactory due 
to the necessity of gearing up worm 
milling and grinding machines to 
the worm lead. It is suggested that 
wherever possible one of the fol- 
lowing pitches be used. These 
pitches are considered close enough 


Fig. 4 — Gear meshing with worm 
showing critical dimensions 
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together to satisfy most new de- 
signs. When intermediate pitches 
are necessary, they should be mid- 
way between the recommended 
pitches, provided this is possible. 
The recommended axial pitches are 
as follows: 3/16, 44, 5/16, %, %, 
%, %, 1, 1%, 1%, 1%, 2, 2%, 2%, 
234, and 3 inches. 


Tooth Proportions: The tooth 
proportions (addendum working 
depth and whole depth) have to be 
reduced in relation to the axial 
pitch as the lead angle increases to 
compensate for reducing the nor- 
mal pitch. 

It is common practice to make 
the tooth or thread depth of stand- 
ard full depth tooth proportions 
based on the axial pitch for the 
lower lead angles and the normal 
pitch for the higher lead angles. 
Since the pitch is specified in the 
worm axial plane for all lead an- 
gles, it is also logical to proportion 
the tooth depths from the axial 
pitch for all lead angles. In Fig. 2, 
which shows normal sections of 
worms of various lead angles, the 
broken lines above and below the 
pitch line that converge to the 
right show standard full depth 
tooth proportions based on the 
normal pitch for worms with 
lead angles which are shown along 
the base line. The full lines show 
teeth proportioned from the axial 
pitch for each group of lead angles. 

In Fig. 3 it is shown that the 
maximum variation of working 
depth using the recommended pro- 
portions of the axial pitch varies 





from the full-depth proportions 
based on the normal pitch by not 
more than 10 per cent. This vari- 
ation is negligible compared to the 
advantage of having only three 
tooth depths for each pitch over 
the whole range of lead angles 
from 0 to 45 degrees instead of an 
almost infinite number when based 
on the normal pitch. It is also 
more logical, as mentioned previ- 
ously, to proportion the tooth 
depths from the pitch in the plane 
in which it is specified, the same as 
is done in other types of gearing. 


Thread Form: The thread form 
of the worm must match that of 
the hob used to cut the gear. 
Worms ground with straight-sided 
V-wheels or milled with similar 
shaped milling cutters will have a 
form that will vary with the wheel 
or cutter diameter. This variation 
is much greater on worms with 
high lead angles than on those 
with low-lead angle worms. There- 
fore, it is important that the meth- 
od of production and the shape of 
the grinding wheel or milling cut- 
ter used to produce the worm be 
taken into consideration in deter- 
mining the required profile of the 
hob teeth. It is preferable to have 
both worm and gear made by the 
same manufacturer to _ insure 
matching tooth shapes and proper 
conjugate tooth action. 


Thread & Tooth Thickness: The 
normal gear tooth thickness should 
never be less than half the normal 
pitch with the backlash allowance 





Table 5—Worm and Gear Dimensions* 























A=30° me SA oS" ——me SAS 4” 
@=20° = 25° o=25° 
a=0.300, h,=0.600, h,=0.650 a=0.275, h;,=0.550, h,=0.600 a=0.225, h;,=0.450, h,=0.500 

q d d, d, F, R, d, d, F, R, d, d, F, R, 
2 2.000 2.600 1.300 1.661 0.700 2.550 1.350 1.581 0.725 2.450 1.450 1.414 0.775 
2% 2.500 3.100 1.800 1.833 0.950 3.050 1.850 1.746 0.975 2.950 1.950 1.565 1.025 
3 3.000 3.600 2.300 1.990 1.200 3.550 2.350 1.897 1.225 3.450 2.450 1.703 1.275 
3% 3.500 4.100 2.800 2.135 1.450 4.050 2.850 2.037 1.475 3.950 2.950 1.830 1.525 
4 4.000 4.600 3.300 2.272 1.700 4.550 3.350 2.168 1.725 4.450 3.450 1.949 1.775 
ay 4.500 5.100 3.800 2.400 1.950 5.056 3.850 2.291 1.975 4.950 3.950 2.062 2.025 
5 5.000 5.600 4.300 2.522 2.200 5.550 4.350 2.408 2.225 5.450 4.450 2.168 2.275 
5% 5.500 6.100 4.800 2.638 2.450 6.050 4.850 2.520 2.475 5.950 4.950 2.269 2.525 
6 6.000 6.600 5.300 2.750 2.700 6.550 5.350 2.627 2.725 6.450 5.450 2.366 2.775 
6% 6.500 7.100 5.800 2.857 2.950 7.050 5.850 2.729 2.975 6.950 5.950 2.460 3.025 
7 7.000 7.600 6.300 2.960 3.200 7.550 6.350 2.828 3.225 7.450 6.450 2.550 3.275 
7% 7.500 8.100 6.800 3.059 3.450 8.050 6.850 2.924 3.475 7.950 6.950 2.636 3.525 
8 8.000 8.600 7.300 3.156 3.700 8.550 7.350 3.017 3.725 8.450 7.450 2.720 3.775 





*Dimensions shown in inches for axial pitch of 1 inch. 
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(if any) taken off the worm. In 
some special cases advantage can 
be made of the usual difference in 
strengths of the worm and gear 
material by making the thickness 
of the gear teeth more than half 
the pitch. When this is done, how- 
ever, consideration must be given 
to the tip land on the worm. For 
general practice this is usually not 
necessary. 


Number of Threads: Wherever 
possible, the number of threads 
(or starts) in the worm should be 
limited to one of the following—1, 
2, 3, 4, 6, or 8. This simplifies in- 
dexing on worm grinding and mill- 
ing machines. The use of 5 or 7 
threads is discouraged. If a great- 
er number of threads than 8 are re- 
quired, numbers which are not oda 
or prime should be used to facili- 
tate production of the worm with- 
out special indexing equipment. 


Number of Teeth in Gear: The 
permissible minimum number of 
teeth in the gear is influenced to 
a considerable extent by the center 
distance. On the smaller center 
distances, adherence to too large a 
minimum (which might be prefer- 
able from a tooth action stand- 
point) would result in a pitch too 
small, In the larger center dis- 
tances, it is preferable not to make 
the pitch too coarse which dictates 
the minimum number of teeth to a 
great extent. The following rec- 
ommended minimum number of 
teeth for various center distances 
are considered good general prac- 
tice: 

Center Distance Number of Teeth 


(in.) (min) 
9 


a) 


3 
5 


o 


-» - wd bd ty ty 
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Gear Ratio: The gear ratio is 
equal to the number of teeth in the 
gear divided by the number of 
threads in the worm. Opinions 
differ on whether the number of 
teeth in the gear should be prime 
to or an integral multiple of the 
number of threads in the worm. 
In practice either prime or even 
ratios generally give equally satis- 
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tacts have permitted substanti 
in amperage rating while mi cing m entirely 
practical to reduce the size obee Pment. On 
especially difficult applications, One of these 
units operating against a Stackpole silver- 
graphite contact (see above) provides truly 
outstanding efficiency. 
















FOR HELPFUL DATA ON CONTACT SELECTION AND 
USE . . . write for 36-page Stackpole Catalog 12 


Stackpole Carbon Company, St. Marys, Pa, 


STACKPOLE 


Stackpole contact types include: SILVER GRAPHITE; SILVER LEAD OXIDE; SILVER 
NICKEL; SILVER MOLYBDENUM; SILVER TUNGSTEN; COPPER GRAPHITE; SILVER- 
COPPER GRAPHITE; GOLD-GRAPHITE; SILVER IRON OXIDE and many special grades 
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factory results. Suppose a hob is 
not available to cut a gear which 
is to mesh with a multithread 
worm and a single tooth “fly cut- 
ter” is to be used. In this case it 
is unnecessary to “index” the gear 
or cutter on the hobbing machine 
if the number of threads in the 
worm is prime to the number of 
teeth in the gear. 


Center Distance: The center dis- 
tance is normally half the sum of 
the pitch diameters of the worm 
and gear. It is not essential that 
the pitch circle of the worm gear 
be at the mean of the working 
depth. In fact when there are suf- 
ficient teeth in the gear and the 
pressure angle is high enough to 
prevent undercutting, the pitch line 
can be anywhere between the mean 
of the depth and the throat di- 
ameter of the gear or even out- 
side the throat. This produces a 
short addendum on the gear and 
| lengthens the angle of recess to 

improve the lubrication character- 
istics and load carrying capacity. 

For similar reasons the pitch 
circle preferably should not be in- 
side the mean of the working depth 
because this produces a long gear 
tooth addendum, lengthens the an- 
gle of approach, worsens the lubri- 
cation characteristics, and tends to 
reduce the load carrying capacity. 
In other words, worm gears should 
preferably not be operated on cen- 
ters larger than half the sum of 
the nominal pitch diameters of the 
worm and gear. Operation on less 
than standard centers allows sim- 
ple fractional center distances to 
be used. 

When the center distance is made 
less than one-half the sum of the 
pitch diameter of the gear and the 
nominal pitch diameter of the 
worm, the actual operating pitch 

















| diameter of the worm is less than 


the nominal pitch diameter or the 
diameter at the mean of the work- 
ing depth. In such a case the op- 
erating pitch diameter of the worm 
is equal to twice the center dis- 
tance minus the pitch diameter of 
the gear. (The pitch diameter of 
the gear is always equal to the 
number of teeth times the circular 
pitch divided by pi). This does 
not affect the worm calculations or 
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You Name The Shape—We'll Fabricate 
The Special Tubing You Need! 


Want to cut your specialty tubing costs, eliminate fabrication 
difficulties and still get special tubing with the kind of top 
uniform quality you’d demand from your own plant? Sounds 
like a big order, but you can depend on exactly that when you 
buy Summerill Specialty Tubing. 

Summerill has over 50 years experience in the manufacture 
and fabrication of cold drawn seamless steel specialty tubing. 
Our plant is completely equipped to produce tubing from the 
various carbon and alloy analyses in practically any special 
or intricate shape that you need. And you can count on us to 
adhere strictly to your specifications. @ Why not drop us a 
line today outlining your tubing problem? Summerill Tubing 
Company Div., Columbia Steel and Shafting Company, Pgh. 30, Pa. RS a, 
“Miking” specialty tubing. Summerill 
Seamless Tubing is quality controlled 
from raw material to finished product. 


IN COLD DRAWN SEAMLESS STEEL TUBING 


SPECIFY Ssemmel AND BE SURE: / 
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Ball-Disc Integrator 


A small size precision integrating 
mechanism, the Ball-Disc Integra- 
tor. Used for totalizing, rate deter- 
mination, differential analyzing, 
closed loop mechanical servo-ele- 
ment, and may be applied as a pre- 
cision variable speed drive or other 
applications. High performance and 
long life are assured by the use of 
super-finished balls and tungsten 
carbide disc. Size: Width 1%”, 
Length 2%”, Height 3%”, Wt. 21 oz. 


design simplicity 


in 
computer components 
DY 


For information on these 
or other computing- 
controlling devices, write. 


LIBRASCOPE, INC. 


Analog and Digital Computers, 
Input-Output Devices and Components 


1607 FLOWER STREET, GLENDALE, CALIF, 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
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production which is based on the 
nominal pitch diameter. 

Unlike standard involute spur 
and helical gears, the form of 


| worm gear teeth varies across the 


face. If the worm thread form is 
straight sided on the axial section, 


_the worm gear teeth will be in- 


volute in the central plane, Re- 
gardless of the worm tooth form, 
in off-center planes the gear teeth 
are not involute and are only con- 
jugate to the mating worm when 
operated on or near the center 
distance for which they were cut. 
The allowable tolerance between 
cutting and operating centers is 


’ much less with worms of high lead 


angle than with those of low lead 
angle. 


Worm Face: The worm face or 


| length should extend beyond the 
| points where contact between it and 


the teeth of the worm gear begins 
and ends. Since the pressure angle 
of a worm gear varies across the 
face and becomes quite low on the 
leaving side, contact between it 
and the worm extends almost to 
the point where the outside diame- 
ter of the worm intersects the 
throat diameter of the gear. The 
face of the worm should be made 
equal to twice the distance from 
the line of centers to this intersec- 
tion point to be safe. The formula 
for f in TABLE 1 fulfills this re- 
quirement. 


Gear Face: The effective worm 
gear face varies with the nominal 
pitch diameter of the worm and the 
depth of thread. The formula for 
effective gear face, F,, given in 
TABLE 2 is based on the maximum 
effective face of the worm gear 
which is the length of a tangent 
to the mean worm diameter be- 
tween the points where it is inter- 
sected by the outside diameter of 


the worm. Any additional face has 


little value and wastes material. 
The sharp corners at the point 
where the gear face intersects the 
diameter should be re- 
moved by the use of a radius or 
chamfer as shown in Fig. 4. The 
size of this radius or chamfer is 
not critical but should be approx- 
imately equal to 0.25 times the 
axial pitch. 





Gear Outside Diameter: The gear 
outside diameter is not critical and 
is usually made approximately 
equal to the throat diameter plus 
one addendum (0.5 addendum add- 
ed to the throat radius). The re- 
sultant figure is then rounded off 
to the nearest 1/16-inch. On low 
lead angle (slow-speed gearing) 
this increment can be increased to 
one and a half addendums added 
to the throat diameter but this 
should never be exceeded. This 
latter amount should not be applied 
to gears with helix angles exceed- 
ing 15 degrees. 


Tabulated Data: The nomencla- 
ture gives suggested symbols for 
worm and gear dimensions. Based 
on the foregoing, the author sug- 
gests the formulas in TABLE 1 for 
worm dimensions, in TABLE 2 for 
gear dimensions, and in TABLE 3 
for dimensions applying to both 
worms and gears, These would be 
a good basis for a worm-gear 
standard that would conform to 
the best modern practice. For con- 
venience TABLE 4 lists the lead an- 
gles, normal pitches, and recom- 
mended pressure angles based on 
l-inch axial pitch for worms with 
diameter quotients from 2 to 8 and 
recommended number of threads 
ranging from 1 to 8. The normal 
pitch of worms of other axial 
pitches with the same diameter 
quotient and number of threads 
are in direct proportion, and the 
lead angles are the same regard- 
less of pitch. 

TABLE 5 gives worm and gear 
data for worms of 1-inch axial 
pitch and various diameter quo- 
tients. Similar data for worms of 
other pitches are in direct propor- 
tion. 

If such a system of worm di- 
ameters based on diameter quo- 
tients were adopted in a design 
standard, a complete list of sixteen 
tables giving these data for all the 
recommended pitches could be in- 
cluded as part of the standard. 
This would simplify the calcula- 
tions for the design of worm gear 
drives which conformed to the 
standard and would encourage its 
use. 


From a paper entitled “A Pro- 
posed Standard Design for Gen- 
eral Industrial Coarse Pitch Cylin- 
drical Worm Gearing” presented 
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at the ASME Spring Meeting in 
Columbus, O., April 1953. 


The Automatic Factory 
By D. S. Harder and D. J. Davis 


Ford Motor Co. 
Dearborn, Mich. 


| discussing automatic handling 

in factories, there are several 
major considerations which should 
be pointed out to provide a clear 
understanding of the problems in- 
volved. Following is a list of the 
important subjects: 


1. Transfer type machinery built 
with automation in mind. The 
transfer type machine combines 
similar operations to be _ per- 
formed on a part into one con- 
tinuous machine with automatic 
indexing between work stations. 

2. “Automation”—a coined word 
meaning the automatic handling 
of parts between progressive 
production processes. It is a 
separate and distinct phase of 
manufacturing engineering which 
co-ordinates the efforts of vari- 
ous departments in plants and of 
machinery and equipment manu- 
facturers. 

3. Preventive maintenance  pro- 
grams to keep production lines 
in operation, including tool 
changing and standardization. 

4. A reorganization and realloca- 
tion of work tasks and man- 
power to place a greater em- 
phasis on brain power instead of 
muscle power. 

5. Alert management to co-ordi- 
nate and get the best out of 
each man’s technical skills. 


Transfer Type Machinery: For 
most production lines of a few 
years ago, processing of manufac- 
tured parts was based on a series 
of individual machine tools per- 
forming the operations in small 
increments with manual handling 
between each machine. Processing 
today must be based on the com- 
bination of similar operations into 
an integrated machine tool of many 
stations with automatic transfers 
between. 

To illustrate the techniques used, 
consider the production of automo- 
tive crankshafts. One portion of 
the machining process involves the 
drilling of six oil holes, six meter- 


MACHINE DESIGN—July 1953 














EGU EPRSRESERREEE EEE e 
SESE EPEC 
BSRESU RSE eee e 
ESSERE EERE EERE REE eee 
SUS RES REREEE See eee e 
SSS ESSERE Reece 
BSGG ES SSSR eee 


—— —— = a a oe ee ee ee ee ee ee ee ee ee cee — 


BIG ADVANTAGES 
when you specify 


BERR RERERERRRRERRREEe 
— SGSSSESRSEEREE eee eee ee 
HSCS e ee 

“EET ET ECE Pere rer ary 
“ SES SRE eeeee 





CAMBRIDGE INDUSTRIAL WIRE CLOTH 


#1. Some manufacturers assign only one operator 
to as many as ten looms. But here at Cambridge, we 
have a specially trained operator for every single 
j.>- loom in the plant. Just a little difference . . . but a 
7 —~ | mb BIG advantage in accurate mesh count and constant 
f _ i screen width. 
#2. Some wire cloth producers can work in only a 
certain few metals or in a limited range of mesh 
sizes. Here at Cambridge we can weave cloth from 
any metal that can be drawn into wire...our range of 
sizes runs from 20 x 250 mesh up to 4 inch openings 
...a BIG advantage for customers with varied needs. 


#3. Some manufacturers are not equipped to fabri- 
cate wire cloth into special forms, for example, filter 
leaves. But here at Cambridge, we can supply wire 
cloth in bulk or in practically any type of fabricated 
part ...aBIG advantage that saves you time and 
money by providing one source for both weaving 
and fabrication. 








These are just a few reasons why it will pay you to investigate 
Cambridge for your wire cloth needs. Call in your Cambridge 
Field Engineer to get the full story . . . and he'll gladly quote 
on your next order. Write direct or look under “Wire Cloth” 
in your classified telephone book. 


FREE CATALOG! Gives full range of mesh sizes and types of 
cloth available from Cambridge, also valuable 


metallurgical data. Write for your copy today. | 


The Cambridge Wire Cloth Co. 
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You'll find American STOCK Gears meet every requirement for high quality, accurate 
tooth contour, smooth, quiet performance and long life. 

Complete line includes Spur Gears . . Racks . . Change Gears . . Internal Gears . . Miter 
Gears . . Bevel Gears . . Ratchets and Pawis . . Spiral Gears .. Worms and Worm Wheels. 


Order from the nearest of these authorized distributors 


ALABAMA 
BIRMINGHAM 
industrial Supplies, inc., 613 North 9th St 
CALIFORNIA 
LOS ANGELES 
Morwood lid.. 320 £. Third Street 
SAN FRANCISCO 
Marwood Lid., 357 Ninth Street 
CONNECTICUT 
BRIDGEPORT 
H. J. Behn & Co., inc.. P.O. Bon 17860 
HARTFORD 
G. W Bush Co. 
60! New Pork Avenve 
WATERBURY 
Cherles A. Templeton, inc 
GEORGIA 
ATLANTA 
Industrial Service Compory 
740 Glenn Street, South Weet 
WKLINOIS 
CHICAGO 
Chow Soles, inc., 835 West Randolph St 
Dodge-Chicago Industrial Equip. Co 
330 East 24th Street 
Mechonical Industrial Transmission Co 
18 No Morgon 


Potlyn Geors & Trans. Co., 2456 W 38th Street 


ROCKFORD 

Rockford Tool & Transmission Co. 802 Broadway 
INDIANA 
INDIANAPOUS 
. indronapolis Belting & Supply Co 

30.36 Se. Capito! Avenve 

SOUTH BEND 
Centro! Power Transmiinon Equipment, inc 


92! South Main Street 
KY 


LOUISVILLE 
Bearings, inc., 501 W Main Street 
LOUISIANA 
NEW ORLEANS 
Industrial Power Transmiscon Company 
© John U. Barr, 80! Americar Bark Building 
MASSACHUSETTS 
JAMAICA PLAIN 
Pork Geor ond Machine, in 
3368 Washington Street 
SPRINGFIELD 
Stocy Supoly Co., 43 Taylor Stree’ 
MICHIGAN 
DETROIT 
DuComb Company W C., 6335 East Palmer Ave 
Factory Equipment Compony 
14820 Wyoming 
GRAND RAPIDS 
Stote Supply Company, 7 5! Grandville Ave. $. W 
KALAMAZOO 


Robert M. Sorlie Co., 519 Mills 
MUSKEGON 
lokeshore Machinery ond Supp!y Company 
400 West Loketon Avenve 
SAGINAW 
8.4 Supply Co., 405 Ames St 
MINNESOTA 


MINNEAPOUS 
Baldwin Supply Co., 1329 South Sixth Street 


ssOuR! 
KANSAS CITY 

Noelling Steel Sales Corp., 1517 Cherry Street 
st tours 

Te-Co., inc., 801 No. Second Street 


Dodge Nework Supply Co., inc 
28! Market Street 


Acme leather Belting Co., 578 Broadway 
Petty & Wherry, inc., 333 Atlantic Avenve 


BUFFALO 
Buffolo Rubber & Supply inc., 37 Corroll $s 
JAMAICA 
industrial Bearing & Supply of L. 1 
91-12 143rd Street 
LOCKPORT 
Werd Bros. Mill Supply Co., 64 Morket Street 
LONG ISLAND CITY 
Beordslee Transmission Equipment Co 
41-12 29th Street Bridge Plaza North 
NEW YORK 
Cangro Tronsmission Co., 388 Broome Street 
Fisher Tool Co., 226 lo Foyette Street 
UTICA 
Chorles Millar and Sons Company 
WATERVUET 
Industrial Equipment Co. of Albony 
Woterviret, N.Y 
NORTH CAROLINA 
CHARLOTTE 
Precision Gear & Mach. Co., Inc 
2001 N. Tryon St. 
oHnIo 
AKRON 
Mahoning Valley Supply Company 
274 Pork Street 
CANTON 
Mahoning Volley Supply Company 
1253 Dveber Avenve, South West 


CLEVELAND 

J. A. Shomer, 11201 Berea Ad 
CINCINNATI 

Wirthlin-Mann Co., 1930 Dane Ave. 
DAYTON 


Dills Supply Co., 200 Wayne Avenue 
TOLEDO 
G & J Beorings & Supply Co., 615 Phillips Ave 
YOUNGSTOWN 
Mohoning Valley Supply Co 
704 Youngstown-Poland Rood 
OKLAHOMA 
TULSA 
Weiss Supply Co. 
216 Eost Third St. 
OREGON 
PORTLAND 
Morwood Limited, 209 West Ist Street 
PENNSYLVANIA 
PHILADELPHIA 
Globe Gear Compony 
34th and Clearfield Stree! 
PITTSBURGH 
Morris Pump & Supply Co 
Brady & Sidney Sts., S. S$ 
TENNESSEE 
MEMPHIS 
The Riechmon Crosby Co., 223-29 So. Front St 
NASHVILLE 
Tenn. Machinery Co., 113 3rd Ave $ 
TEXAS 
DALLAS 
Bearing Chain and Supply 
2826 Elm Street 
HOUSTON 
American Cear & Supply Co., 3438 Leeland Ave 
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RICHMOND 
Apex Machine Mfg Co., 216 So. Fifth Street 
WASHINGTON 
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A-C Supply Company, inc 
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American Machmery Co., 453 No Plankinton 
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ing holes, six lightening holes, and 
inspection of the operation. Ten 
years ago 29 separate machines 
would have been required, while 
today the same department re- 
quires only three transfer type ma- 
chines of eight stations each. The 
part is loaded at one end and un- 
loaded at the other with all oper- 
ations in between being completely 
automatic. This example also ap- 
plies to other operations such as 
milling, broaching, reaming, and 
tapping. 

Obviously combinations of this 
type cause profound changes on 
entire production processes. Man- 
power must be redistributed to 
handle the problems which arise. 
A fresh look must be taken at 
methods of maintaining machinery 
elements and in applying tools to 
the job. Production lines in many 
cases are found made up with 
groups of transfer machines which 
are completely automatic in them- 
selves and which in turn must be 
coupled together in an economical 
fashion if full benefits are to be 
gained. 


Automation: While similar oper- 
ations are combined with the trans- 
fer machine, there is a separate 
problem still remaining of connect- 
ing these machines so that manual 
handling operations will not be 
necessary. 

Automation devices are designed 
to move parts into and out of pro- 
duction machines, turn the part 
over, rotate it, remove scrap, and 
other related functions. Scrap re- 
moval on a continuous and auto- 
matic basis is a necessity in both 
machining and stamping opera- 
tions. These devices are timed 
with the process and are ordinar- 
ily made up largely of standard ele- 
ments such as conveyors and air, 
hydraulic, and electrical control 
mechanisms arranged to obtain the 
proper movement for elimination 
of unnecessary manual handling. 
A wide variety of materials can be 
handled with substantial savings, 
while at the same time eliminating 
the hazardous handling associated 
with large stampings, heat treat 
operations, forging operations, 
and others. In many respects au- 
tomation is the extended usage of 
conveyors which have played such 
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HERE ARE WAYS LHMSAN vn APPLICATIONS IN YOUR 


BLUEPRINTS: 


. Refueling boom assembly 

. Steering control mechanism 

. Brake system 

. Spoiler actuating mechanism 

. Fuel and oil lines 
Adjustable sweep-back system 

. Emergency dump chute 

. Flap actuating system 
Power-plant fuel and oil lines 
Wing fold 

. De-icing system 

dependable, safe, uninterrupted flow “A Aes ian am 


HELP AIRFRAME MANUFACTURERS 


The airplane shown here is not an actual picture of any 
one plane. Rather, it is a composite to show some of the 
varied ways in which Chiksan planning can help the 


airframe manufacturer do a better job. 


FRARSEP KM TZTAVWrMSOA GB > 


Fuel, oil, water, air and oxygen all find 


through Chiksan aero-hydraulic swivel 


joints and assemblies. 


The Flow of Enterprise Relies on 








CHUAN 


Sal]: Bean mg Swivel Joints A few of the many Chiksan aero- 


hydraulic swivel joints made for 


REPRESENTATIVES IN PRINCIPAL CITIES pressures ranging from 1000 to 3000 psi. 








two handy 
packages-- 
iter ts 


GAST 


rotary-vane 


INTEGRAL-MOTOR 
AIR PUMPS 


Standard Model 
0210, % H.P., 1.3 
C.F.M. to 25 P.S.1. 
or 27” vacuum, 
Oil-less Model, to 
10 PS. of 15” 
vacuum, 


Model 0320, Vs 
H.P., 2.5 C.F.M, 
to 25 P.S.\. or 28” 


vacuum, 





You can solve many an air-pump re- 
quirement—vacuum or pressure—with 
one of these “handy packages.” For 
Gast integral-motor Air Pumps are 
widely used as original equipment by 
engineers who require smooth, de- 
pendable performance in a compact, 
space-saving unit. 

Pump rotor is mounted on motor shaft, 
and motor frame provides a rigid 
mounting for pump housing. 

The smaller Model 0210, a highly pop- 
ular unit, supplies vacuum for engraver's 
printing frames, feeding devices, lab- 
oratory use, etc., in either lubricated 
or oil-less models. 


For vacuum to 28” in low volume ap- 
plications, Model 0320 is used for 
production line testing for leaks, for 
punch press feeding devices, etc. There 
are scores of uses for these “packaged” 
integral-motor pumps. 





see our coteleg in 
Write for Catalog and 9 
Application-id Booklet! 

or write for copy 


Original Equipment Manufacturers 


for Over 25 Years 





=) AUT 


AIR MOTORS - COMPRESSORS - VACUUM PUMPS 


(TO THREE HP.) (10 30 185.) (TO 28 INCHES) 
GAST MANUFACTURING CORP. 107 Hinkley St., Benton Harber, Mich, 
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an important part in the early de- 
velopment of mass production of 
automobiles. 


Production Costs: Lower produc- 
tion costs are an important consid- 
eration in all facilities planning. 
Automation assists greatly by re- 
lief of manual effort required in 
handling parts and reduction of the 
resultant inherent delay, especially 
in large volume operations. This 
does not mean elimination of all 
manpower, but rather a redistribu- 
tion which will result in the need 
for more skilled workmen. It elim- 
inates monotonous, repetitive work 
in many cases while at the same 
time increasing production. 


Increased Machine Speed: The 
speed at which a machine produces 
a part is very often determined 
by the loading and unloading oper- 
ations. Automatic transfer between 
operations has resulted in greater 
use factors for machines. The ma- 
chinery has been able to operate 
closer to its designed capacity. Us- 
ing high cost machinery to a great- 
er degree is, of course, a definite 
advantage. 


Maintenance Costs: Use of auto- 
mation devices in the production 
processes naturally causes mainten- 
ance problems which could offset 
the savings to be made if not prop- 
erly handled. As a production line 
becomes more automatic break- 
down of even the smallest element 
can shut down the entire line. This 
maintenance problem can be mini- 
mized as skill in automation design 
is increased. The details of systems 
must be made as simple as possible 
and devices must be made substan- 
tial. Preventive maintenance is a 
must. 


Nature of Automation Equip- 
ment: Every product requires spec- 
ial consideration. In the manufac- 
ture of a wide variety of parts of 
different sizes and shapes, the ma- 
chinery and production equipment 
utilized varies in size. Proper em- 
phasis on automation makes it pos- 
sible to study the problems at the 
beginning of new programs so that 
standardized automation devices 
can be used to minimize this diffi- 
culty. 









An automation designer must 
have imagination, engineering 
knowledge, and design experience. 
He must think in terms of equip- 
ment which very often is a compro- 
mise between the comparatively 
loose standards used for designing 
a conveyor and the close standards 
utilized in normal tool and die de- 
sign. This is the type of man who 
starts analyzing a program in the 
first step when the general plant 
layout has been agreed upon and 
detailed layouts are in their early 
stage. 

A part to be produced must be 
carefully studied for adaptability 
to automation. Preliminary man- 
power estimates must be consid- 
ered. One operator may be able to 
load and unload several machines, 
or may be required for assembly, 
manual control, observation, or 
others; automation may not even 
be necessary. 


Preventive Maintenance: Main- 
tenance of automatic machines and 
automation equipment is a chal- 
lenge to resourcefulness. As point- 
ed out previously, the breakdown 
of even one small element will shut 
down the entire production line. 
Preventive maintenance is the key 
to continuing production and in- 
volves generally the keeping of ac- 
curate records of lubrication, ex- 
pected life of perishable parts, and 
replacing these parts before they 
fail and stop production. One very 
effective tool which can be used is 
standardization of tools, methods 
and specifications, industrial equip- 
ment, process standards, and ma- 
terials standards. These standards 
are based on exhaustive surveys of 
alternate methods before they are 
accepted. Preventive maintenance, 
like all other features of a modern 
production plant, begins in the 
early stages of planning and takes 
advantage of the new devices which 
are available to ease the main- 
tenance burden. 


Future of Automatic Processes: 
The use of automation in our man- 
ufacturing plants is a trend which 
has started and will continue and 
expand. The future will certainly 
find a much greater use of the 
knowledge which has been obtained 
within the past few years. In- 
creased management, attention en- 
gineering thought, and co-ordina- 
tion will keep this trend going and 
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extend it substantially for maxi- 
mum benefit to all. 

The future of automatic process- 
es is inseparable from the future of 
our manufacturing industries in 
the constant fight to reduce cost 
so that consumption of our manu- 
factured goods may be increased, 
and our employment may remain 
at a high level. 

From a paper of the same title 
presented at the National Produc- 
tion meeting of the SAE in Cleve- 
land, O., March 1953. 


Spinning or Drawing? 


By John W. Lengbridge 


Project Engineer 
Aluminum Goods Ltd. 
Newcastle-on-Tyne, England 


PINNING may be described as 

a method of working a revol- 
ving disk to shape over a form 
or chuck to which it is clamped, 
causing the metal to flow by tool- 
ing pressure applied either manu- 
ally or mechanically. Unlike draw- 
ing, in which the change of shape 
is hidden by the tooling, shaping 
by spinning is visible throughout 
the operation. 

Drawing metal to shape consists 
of working it into a hollow die of 
predetermined shape by means of 
a punch, the movement of metal 
being controlled with a blankholder 
which prevents the metal from 
buckling. 


Limitations of Shapes: Shaping 
by pressing is not limited to any 
one specific shape; it can be used 
for circular as well as noncircular 
products within the capacity of the 
presses used. By contrast, spin- 
ning is limited to products which 
are circular in cross sections at 
right angles to the axis of rota- 
tion, except for some minor work 
which can be done on ovals. With- 
in its field the scope of spinning is 
wide, and it is limited only by the 
size of the equipment and the pow- 
er available to make the metal flow. 
An evaluation of the two processes 
must be confined to circular prod- 
ucts which can be made on either 
type of equipment. It will be shown 
that spinning can be competitive as 

(Continued on Page 270) 
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SHOCK « VIBRATION 


“Gives the customer 
THE 
ULTIMATE 
IN 
VIBRATION 
PROTECTION 


for his instrument” 


Photo courtesy INDUSTRIAL NUCLEONICS CORP. 


















The AccuRay Beta Gage — a 
sturdy industrial instrument for con- 
tinuous production gaging of plastics, 
textiles, paper, rubber, and metals — 
is specifically designed to resist vibra- 
tion. So why does Industrial Nucleonics a 
Corporation use Barrymounts? 














“We use Barry shock mounts solely as a vibration isolator to 
protect the instrument from externally caused vibrations. We 
would not consider marketing the instrument without the 
added safeguard of the mounts. We feel that the use of 
mounts is indicative of the thoroughness of design of our 
instrument, and that it gives the customer the ultimate in 
protection for his instrument.” 


Is protection against shock and vibration vital to the perform- 
ance and the life of your equipment — or is this protection a “plus” 
dictated by thoroughness of design? In any case, Barrymounts give 
you the assurance that you have the ultimate in vibration protection. 
Ask the nearest Barry representative for his recommendations. 


— 
CS Re SSE 
Sow Fae + 


























































The new Super-Dome Passenger Cars of the Milwaukee Railroad are 
air conditioned to maintain comfortable temperature at all times. A 
20 ton capacity Trane Compressor and a 20 ton capacity Trane Con- 
denser in each car do this important job. Lord Mountings protect 
these Trane Units from vibration and shock and prevent transmission 
of the unit vibration to the car thus assuring passenger comfort. In 
these ultra-modern cars the passengers enjoy the benefits of healthful, 
temperate air. This is another of the many examples of Lord ver- 
satility in assisting designing engineers to solve difficult mounting 
Xe . problems. You are invited to consult with us on the application of 
Lord Vibration and Shock Mountings and Bonded-Rubber parts to 
improve the operation of your product. 








DALLAS, TEXAS PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 
413 Fidelity Union 725 Widener Building 410 West First Street 
Life Building 
DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK CHICAGO 11, ILLINOIS ERIE, PENNSYLVANIA 
3 Curtis Building 280 Madison Avenue 520 N. Michigan Ave. 1635 West 12th Street 


LORD MANUFACTURING COMPANY ° ERIE, PA. 


BURBANK, CALIFORNIA 
233 South Third Street 
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Advertisement 
Railroad Equipment 
Protected By Lord Mountings 

A special plate form mounting 
has been designed by Lord Engi- 
neers for use as a shock mounting 
‘or engine-generator and motor-com- 
pressor units installed on railroad 
rolling stock. The problem was to 
design a Lord Mounting which would 
minimize the shocks of coupling and 
uncoupling cars and thus prevent 
damaging the undercar equipment 
referred to above. 











ae Pe a l~ 














An existing Lord plate form 
mounting design was utilized with 
a steel tubing insert in the elastomer 
to increase the stiffness of the 
mounting. Tooling and research ex- 
pense were thus saved by this un- 
usual application of Lord Mount- 
ings previously designed to solve 
another similar problem. 


Excessive Wear Eliminated 
By Use of Lord Mountings 

A recently designed Lord Mount- 
ing has solved a problem for a 
manufacturer of brake assemblies 
in the railroad field. A Lord Tube 
Form Mounting design was utilized 
as a joint for the brake hanger 
mechanism. Through the use of rub- 
ber bonded to metal sufficient mo- 
tion was permitted to compensate for 
shock while eliminating wear on the 
pin and joint at the point of motion. 

















Lord Engineers determined the 
amount of resiliency required to 
effect a firm joint while permitting 
sufficient movement to eliminate ex- 
cessive wear. An existing design 
was used with the correct elasto- 
meric compound to meet the neces- 
sary requirements. Thus a consider- 
able saving was achieved. 
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Advertisement 


Lord Flexible Coupling 
Flies With Kaman Helicopter 


The Kaman K-5 helicopter pre- 
sents an interesting application of 
the LORD J-5329-2 flexible cou- 
pling with the Boeing 502-2 gas tur- 
bine. The function of the coupling 
in this case is to absorb the tor- 
sional vibrations of the system and 
isolate the turbine from the rotors. 
However, the unit also serves to ac- 
commodate angular or parallel mis- 
alignments due to manufacturing 
tolerances or dynamic motions. 























The unique design of the instal- 
lation provides maximum accessi- 
bility and economical maintenance 
through the use of concentric driv- 
ing and driven shafts. The inner 
member of this pair is the engine 
shaft which drives the coupling hub 
through a splined connection. Pre- 
compressed against the splined hub 
are the two bonded rubber coupling 
halves which transmit the engine 
torque in shear of the rubber. Four 
through-bolts connect the outer 
plates of the coupling halves to the 
driven hub and also serve as the 
safety interlock in case the rubber 
sections are destroyed. The first 
gear of the transmission is mounted 
on this driven hub and feeds power 
on through the system in to the 
helicopter rotors. 


For over thirty years the Lord 
organization has specialized in de- 
signing and producing Bonded Rub- 
ber Flexible Couplings, Vibration 
and Shock Control Mountings and 
Component Parts. The capabilities 
of Lord Engineering have proved 
their worth to designers of indus- 
trial and automotive equipment in 
many diversified fields as is indi- 
cated in this instance. 
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Here again you see at a glance Lord versatility in designing bonded- 
rubber components for a wide diversity of machines. The photo at 
top right shows the Boeing Gas Turbine-Driven Truck-Trailer for heavy 
cargo hauling. At the top left you see a United States Navy personnel 
boat driven by the Boeing Gas Turbine Engine. Directly beneath is 
the Kaman Helicopter powered by the Boeing Gas Turbine Engine; 
details are clear in the foreground. The Lord Bonded-Rubber Flexible 
Coupling designed for the job transmits the power in each machine. 

Special requirements like these reach satisfactory and economical 
solutions at Lord, Headquarters for Vibration Control. We invite you 
to take advantage of more than a quarter century of design experience 
and craftsmanship. 


BURBANK, CALIFORNIA DALLAS, TEXAS PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 
233 South Third Street 413 Fidelity Union 72S Widener Building 410 West First Street 
Life Building 
DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK CHICAGO 11, ILLINOIS CLEVELAND 15, OHIO 
311 Curtis Building 280 Madison Avenue 520 N. Michigan Ave. Room 811 Hanna Building 
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CARAVAN 





feature 


AUTOMOTIVE 


@ Only CARAVAN 
axles with automotive steering 
assure dependable roadability 
on both highway and rough 
ground. For positive trail at high 
speeds, these job-engineered 
assemblies feature controlled 
camber, tow-in and caster. 
Stability for the heaviest loads 
is provided by massive center 
steering arm, extra-heavy cen- 
ter arm stop blocks and heavy 
duty steering knuckle. Wide 
inside wheel turning angle as- 
sures maximum manevuverabil- 
ity and eliminates jack-knifing. 
CARAVAN units are available in 
a variety of types and sizes in 
both 2 and 4-wheel assem- 
blies for portable equipment 
weighing from 500 to 14,000 
Ibs. They are recommended for 
use with military and industrial 
as well as field service and con- 
struction equipment. 1123-UM 


Write today for the new Bulletin 
No. 53 for further information. 


UNITED 


MFG. COMPANY 
714 INTERSTATE ST. * BEDFORD, OHIO 
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well as supplementary to press 
drawing and that each process is 
logical under certain sets of cir- 
cumstances. 

Re-entrant contours are a fre- 
quent requirement in domestic ap- 
pliances and such contours are 
usually more easily produced by 
spinning than by pressing. Re- 
entrant contours can be spun in 
fewer operations than such shapes 
can be press formed. 


Time and Cost Criteria: The de- 
cision to use either spinning or 
drawing as a method of manufac- 
ture is basically economic and de- 
pends largely on the quantity re- 
quired. When the equipment for 
both processes is available, spin- 
ning is an alternative to drawing. 
Before deciding on the use of either 
process the following factors 
should be considered: 


1. Tool cost per unit by both 
methods. 

2. Labor and overhead cost per 
unit. 

3. Contour problems. 

4. Possible combination of both 
methods. 

5. Dimensional accuracy require- 
ments. 


Spinning is predominantly a man- 
ual operation and as such usually 
involves high labor cost. The na- 
ture of the operation, however, 
permits the use of simple and 
economical tooling. Often it can 
be mechanized, and although this 
may increase tool and equipment 
costs, it brings unit labor costs 
closer to those of drawing. 

Drawing is a mechanical opera- 
tion capable of low labor costs, but 
requires more costly tooling. These 
components of the cost factor must 
be analyzed in relation to lot size 
before a comparable cost can be 
arrived at. 

Tool costs vary with quantity 
while lakor cost is more or less 
constant. Hence, the total unit 
cost including tools is largely de- 
pendent on the cost of the tools 
necessary to do the work. Since 
the variable in both cases is the 
cost of tools, which in spinning is 
a low component and in drawing 
a high component. it follows that 
the unit cost of a drawn product 


would drop more rapidly with an 
increase in quantity than it would 
with a spun product. However, up 
to a certain point in the quantity 
scale the high cost of press tools 
may bring the unit cost above that 
of spinning. It is this demarcation 
point which must be determined 
when analyzing the probable cost 
of drawing or spinning. 


Accuracy Requirements: Greater 
accuracy of size and wall thickness 
and better uniformity are possible 
on drawn work than on spun work. 
On a hand spun product, a toler- 
ance of plus or minus 1/32-inch is 
as close as can be guaranteed. 
These limits can be improved when 
the spinning tools are mechanized. 
With hand spinning the human ele- 
ment is a predominating factor 
and much depends on skill and ex- 
perience. Wall thickness variation 
in a spun product is largely a re- 
sult of inexperience. Fatigue is 
another factor often reflected in 
the quality and quantity of work 
produced. 


Capacity Limitations: The press 
is not limited to any one specific 
shape as is the spinning lathe. 
However, it is limited to a certain 
die size, maximum drawn depth, 
and tonnage capacity, whereas a 
spinning lathe can if necessary be 
altered to swing a larger blank 
by merely jacking up the head and 
tail stock. It can also be fitted 
with supplementary equipment for 
special operations or for boosting 
the spinning pressure. 


Competitive Aspects: Spinning 
can be competitive to drawing on 
small-lot runs because of low tool- 
ing costs. Spinning is often com- 
petitive also because the contour 
of a shell is either difficult or im- 
possible to produce on a press. 
Occasionally a shell which is too 
large for available press equipment 
can be spun to shape economically, 
and there are certain products 
which regardless of quantity can 
be more economically spun than 
drawn. Special attachments to 
standard spinning lathes to me- 
chanize tool application and special 
spinning machines for unusual op- 
erations demonstrate progress in 
spinning techniques which tend to 
close the gap between spinning and 
drawing. 

The question naturally arises, 
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What he’s proving about pumps 


i 





ACCESSORIES DIVISION 


Thompson 
Products, Inc. 


DEPT. AM-7 e CLEVELAND 17, OHIO 


As 
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15 MILES UP... 
may hold an idea YOU can use 


A shaft seal, for example, that stays vapor-tight even at —70°F. 
And at an atmospheric pressure only 1/30 that at sea-level. 


Or pumps to handle low-boiling-point liquids, (like aviation 
gasoline), without troublesome vapor-lock or cavitation. 


Or pumps to work at 1,000-pound pressure dependably in 
desert heat and Arctic cold. 


* * * * * 


These, and many other pumping problems have been solved by 
the Accessories Division . . . then proved in our High-altitude 
Lab. where engineers can “fly” a pump to 75,000 feet without 


ever leaving the ground. 


Your pump requirements, present or future, can find a prompt 
solution from the broad experience the Accessories Division has 
had in aircraft fuel pump development. After all, Thompson 
Products is the leader in manufacturing pumps for aircraft and 


commercial production. Write us, describing your application. 
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PRODUCTION Plus 
with BLUR / 


LUBRICATION® 


Modern machine too! manufactur- 
ers take justifiable pride in building 
constantly increased production and 
accuracy into their machines. As rates 
and standards increase, adequate lu- 
brication becomes essential. To safe- 
guard 41 important bearings on their 
5-Spindle Automatic Bar machine, 
Warner & Swasey, one of America’s 
leading manufacturers, standardizes 
on Bijur lubrication. Because Bijur 
delivers predetermined, metered 
lubrication automatically, the number 
of manufacturers and users who spec- 
ify Bijur as standard equipment is 
constantly increasing throughout 
industry. 


If you're looking for longer machine life, 
lower maintenance, and increased pro- 
duction, look to Bijur to solve your lubri- 
cation problems. 


PE eatin 


Sad’ 


Rochelle Park 
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LUBRICATING CORPORATION 






















New Jersey 


Pioneers in Automatic Lubrication 
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“What metals can be spun?” Spin- 
nability is directly proportionate 
to ductility, and a metal which 
can be deep drawn can usually be 
deep spun. This fact may be used 
as a guide in selecting metals for 
spinning. The high formability 
possible by spinning results from 
the progressive nature of the oper- 
ation which is equivalent to many 
successive drawing operations. 
Metals which are difficult to draw 
may often be spun, but may require 
more power and possibly the use 
of heat during spinning or else 
anneals between operations. 


Spinnability: In order to tabu- 
late the property of spinnability, 
the Milwaukee Metal Spinning Com- 
pany has conducted tests on var- 
ious metals and arrived at a spin- 
nability rating for several of the 
more commonly used metals. The 
ratings shown in TABLE 1 are based 
on a numerical value of 1.00 for 
aluminum alloy 2SO which in the 
tests indicated maximum spinnabil- 
ity. Some of the metals which 


Table 1—Spinnability of Metals 





Shallow Deep 


Metal Spinning Spinning 





Aluminum and Magnesium 





Aluminum 280 and 3SO .. 1.00 1.00 
Aluminum 57S0O and 55SO .. 0.98 0.62 
Aluminum 17S0 and 2480 . 0.65 0.45 
Magnesium ...... cooce CO} 0.45* 
Miscellaneous Soft Metals 
Zine nr 0.94 0.94 
DE casb0cbenidiacieeean 0.94 0.93 
DE Kha thaenetbandeeeeancad 0.90 0.85 
Steels 
Cold rolled op anneerell 

steel) ee -- 6.91 0.91 
Hot rolled — re 

steel) ... . 0.91 0.72 
Lead coated (@ene cernes) . . 06.90 Pr 
GE bevccccccccscees Gee coed 
High tensile steel ......... 0.40 0.13 
High carbon (0.40% and up) 0.22 0.09 
Copper and Copper Alloys 
Commercial bronze .... 0.87 0.87 
Copper (cold rolled ennwaiet) 0.87 0.87 
Yellow stamping brass .... 0.86 0.86 
Nickel silver (up to 30%) .. 0.85 * 0.75 
Phosphor bronze (soft 

temper) ...... coecscese Q&T 0.39 
Bees SUONOD Scccccvosceses QE 0.13 
Nickel and Nickel Alloys 
Nickel err 0.86 0.86 
Monel (deep a 

quality) ..... 0.86 0.82 
Inconel 0.81 0.75 
Stainless Steels 
mee CIB). boc cechomrent«ccss GOT 0.67 
SD ptdatdentanwend< ee 0.53 
304 (18/8) ...... 0.65 0.65 
See GOED octne sedcadcness 0.65 0.33 

* Special set up for hot spinning. + Coating 


will flake, 
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HERE’S PROOF! 
Typical properties of glass cloth coated with SE-100: 


Dielectric strength, volts/mil............ 1200-1400 
Power factor, 60 cycles 
GF sic cdc cdsdecssashec coc ctisee 0.0110 
BEE heed acciducdeseceascccceensé 0.0072 
Tensile strength, lbs./in. width........... 150 
% Moisture absorption, 96 hrs........... 0.11 
WOUVNGNEED SIGTR oc ciccccccocccvcccces —76 to 480 F 


G-E silicones fit in your future 


GENERAL @@ ELECTRIC 
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SILICONE 
RUBBER 
COMPOUND 


for electrical and 


mechanical applications 


SE-100 COMBINES 

Outstanding heat resistance 

® Outstanding electrical properties 
® Outstanding physical properties 
© Ease of application 


You can now extend equipment life and minimize 
insulation failures by specifying General Electric’s 
new silicone rubber compound, SE-100. 


SE-100 may be coated on glass or organic fabrics 
for service at high or low temperatures or where 
resistance to weather, ozone, corona or chemicals 
is required. In addition, SE-100 is available 

as a dispersion (SE-100S) and may be used to 
encapsulate coils and components for electrical 


insulating purposes. 
SUGGESTED USES 


Electrical: Cloth, tape and sleeving; coating for 
glass-served wire; encapsulating coatings. 


Mechanical: Ducts and tubing; gaskets and seals; 
diaphragms. 


CLIP AND MAIL TODAY! 





General Electric Company 
Section 353-5C 
Waterford, New York 


Please send me product data on SE-100, list of fabri- 
cators, and a free copy of G-E Silicones for Industry. 














Name. Position 
Firm 

Street 

City Zone___ State. 


«In Canada, mail to Canadian General Electric Company, Lid., Toronto.) 


roo ------- 
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R 45 SERIES—Small telephone type 
relay with pin hinge construction. 
Available with multiple contact 
springs up to six pole double- 
throw. Capacities: 1 amp., 3 amp., 
or 5 amp. Normally supplied for 
D.C. operation. Hermetically sealed 
or open. 1-13/32x1-1/4x1-7/32 
to 1-5/8 high. 


iz 


R 94 SERiES—Hermetically sealed 
small telephone type relay with pin 
hinge construction for long life. 
Available in D.C. only with con- 
tact springs up to 4 pole double- 
throw. In 1 amp., 3 amp., or 5 amp. 
capacity. Plug-in or solder termi- 
nals. Overall size 1-5/8 x 1-1/32x 
2-1/4 D. 


R 83 SERIES— Available with A.C. or 
D.C. coils. Contact ratings up to 30 
amperes Continuous, 150 amperes 
inrush with single pole double- 
break arrangement. Multiple con- 
tact springs with proportionately 
lower ratings also available. Size: 
1-7/8x1-5/16x1-5/8 high. 
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RB 45 SERIES—Similar to R 45 with 
the exception that it is designed to 
fit the hermetically sealed enclo- 
sure shown. Three stud mounting; 
solder terminals. Available up to 
4 pole double-throw. Widely used 
in aircraft and ground communi- 
cation equipment. Size: 1-5/8 x 1- 
7/16x2-1/32 D. 











“Diamond Quality” TIME SWITCHES... 


Automatic 


Electric also produces a complete 


line of Time Switches and Timers, both manu- 
al and automatic reset. Write for information. 


Automatic VAL MEG. CO. 


MANKATO, MINN. 


64 STATE STREET 
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have good deep-drawing properties 
are also high in_ spinnability; 
others which are difficult to draw 
have fair spinnability. 

Considering drawn or spun shells 
having either parallel-sided or tap- 
ered walls, it may be stated as 
a general rule that contours which 
provide the best control of flow 
in a drawing operation do not 
provide as good control in spinning 
operations, and conversely contours 
providing poor control in drawing 
operations provide better flow con- 
trol in spinning operations. 

As mentioned previously, me- 
chanization of some or all of the 
hand spinning technique leads the 
way to lower spinning cost. Thick 
or tough metals require pressures 
far in excess of human brawn. For 
such applications, semimechanica] 
or fully mechanical means must be 
used to apply the pressure neces- 
sary to make the metal flow. 

In this evaluation, it must be 
recognized that each process, spin- 
ning and drawing, is logical under 
certain circumstances. Each is 
capable of the complete manufac- 
ture of products within its scope, 
and both can be used on some 
products to good cost advantage. 
Hence they can compete as well 
as supplement each other, and 
whether one or both processes are 
used depends mainly on the eco- 
nomics of each individual case. 

From a paper entitled “An Evalu- 
ation of Spinning vs. Drawing” 
presented at the Twenty-First An- 
nual Meeting of the ASTE in De- 
troit, Mich., March, 1953. 


Applying Teflon in Design 
By L. W. Cornell 


Development Engineer 
Minnesota Mining & Mfg. Co. 
St. Paul, Minn. 


EFLON is the trade name for 

a comparatively new polymeric 
resin with unique properties which 
is composed of tetrafluoroethylene, 
C.F,. This material has already 
been utilized in a variety of appli- 
cations, and it offers a wide range 
of design possibilities. Here in a 
single material is a combination of 
toughness, abrasion resistance, 
chemical resistance, excellent elec- 
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Eastman 


HYDRAULIC 
HOSE ASSEMBLIES 


for the best performance, 
for long life and satisfac- 
tion—all along the line— 
from manufacturer to user. 
Check your needs on the 
following list: 


COUPLINGS 


Solid Male 


Swivel Male 


Swivel Female 


STRAIGHT AND 
ANGLED ADAPTER 
UNIONS 


for free catalog 103 
on Eastman Hose Coup- 
lings and Bulletins 231B 
& 232B on Straight and 
Angled Adapter Unions. 





Thanks to hydraulic power, many a man’s 
job on the farm is a boy’s job now ! Finger- 
tip hydraulic control does away with ach- 
ing arms, dog-tired from day-long tugging 
at levers to raise and lower tillage tools. 

Massey-Harris, shipping agricultural 
tractors and implements to 106 countries 
the world over, has developed some of the 
most ingenious hydraulic controls to meet 
the needs of modern contour farming — 
controls which not only do most of the 
hard work—but do it automatically ! 

EASTMAN Hydraulic Hose Assemblies 
carry oil at 1000 psi from the Massey- 
Harris 2-Way, 2-Speed “Depth-O-Matic”’ 
Hydraulic Control to raise and lower trac- 
tor mounted implements smoothly, easily, 
swiftly. Synchronized slave cylinders 
handle harrows, discs, plows. 


Massey-Harris “Selective Control’’ main- 


EASTMAN Hydraulic Hose Assemblies 
on Massey-Harris Tractor. 


tains uniform cultivator penetration on 
hillside contour slopes, pictured above, 
through independent action of right and 
left gangs. "Delayed Action”’ permits raising 
front and rear gangs independently at con- 
tour points, also permits shovels to leave 
and enter soil at same point at ends of rows. 


Other users of EASTMAN Hydraulic 
Hose Assemblies in the agricultural field 
include: Allis-Chalmers Mfg. Co.; J. I Case; 
John Deere Co.; The Farmhand Co.; Harry 
Ferguson, Inc.; Horn Manufacturing Co.; 
International Harvester Co.; Minneapolis- 
Moline Co.; Ottawa Steel Products Co.; 
Super-Six Manufacturing Co.; A. F.Wagner 
Iron Works. 

Look to EASTMAN—first in the field— 
for continued leadership in “Safeguarding 
the Lifelines of Mobile Power’—in Indus- 
try and Agriculture ! 




















cold forged 


Wherever shear, 
stress or vibra- 
tion is encountered, 
CHANDLER cold forged 
metal fasteners assure 
perfect performance. 
Uniformly accurate, 
they speed assembly 
operations. 

The quality and pre- 
cision of CHANDLER cap 
screws can be meas- 
ured by their wide use 
in major industries. 
CHANDLER fasteners 
are used by leading 
manufacturers of gaso- 
line, jet and diesel en- 
gines designed for auto- 
mobiles, aircraft and 
heavy equipment. 

Whatever your 
requirements, specify 
CHANDLER precision 
cold forged cap screws. 

*® Grinding to Close 

Tolerances 
* Drilled Heads or 
Shanks 





1304-CH 


LG 
iT] 


Specialists in Thread- Rolling 
After Heat Treating 









1494 Chardon Road, Cleveland 17, Ohio 
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| trical properties and high and low 
| temperature resistance. 


Electrical Properties: Teflon is 


| a versatile electrical insulator for 


many purposes, particularly where 
high temperature conditions must 


| be met. It may be used at tempera- 
| tures as high as 500 F in contin- 





uous service and withstands inter- 
mittent exposure to 600 F. Also, 
flexibility and electrical properties 
are retained to temperatures as low 
as minus 100 F. It has a uniform 
dielectric constant and power fac- 
tor over a wide frequency range and 
the broad temperature range en- 
ables it to be used in applications 
where other less expensive mate- 
rials would not be suitable. There 
are many uses for Teflon insulated 
wire and cable in jet aircraft, for 
example. Guided missiles are an- 
other application where the plas- 
tic is being used because of the 
temperature range encountered. 

Aircraft motors and generators 
can be made smaller with Teflon as 
slot liners, etc. Coils and relays 
which must operate continuously 
at high temperatures use the ma- 
terial for interlayer insulation and 
for providing insulated magnet wire 
in the coils themselves. 

High temperature resistant ca- 
pacitors are now being manufac- 
tured with Teflon sheet insulation 
instead of paper or other material. 
The plastic is also being molded in- 
to tube sockets for radio and radar 
components for aircraft and into 
insulating spacers for coaxial cable. 


Chemical Properties: Chemically 
Teflon is about as inert‘as glass 
within its useful temperature range. 
It is attacked by molten alkali met- 
als (sodium or potassium) and by 
fluorine and chlorine trifluoride, 
both at high temperatures and 
pressures. Other than these spe- 
cific chemicals, published literature 
indicates that nothing else has any 
effect on this plastic. This makes 
it useful as a gasket material and 
liner in equipment in which high 
temperature, highly corrosive 
chemicals must be handled. Since 
there is no known solvent for this 
material, it can be used in contact 
with any ordinary solvent without 
effect. Outside weathering has no 
effect and samples exposed to nat- 


ural aging for 5 years in Florida 
have shown no change. 

In large stainless-steel or glass- 
lined equipment many gaskets are 
needed. The main body of the gas- 
kets used on such equipment is 
generally made of asbestos, lead, 
rubber, cloth, or a combination of 
these materials in order to provide 
the desired physical characteris- 
tics of compressibility, etc. These 
materials must be protected from 
the action of the chemicals inside 
the equipment, and this can be done 
by the use of a Teflon shield which 
is shaped to cover the top and bot- 
tom faces and the inside edge. Such 
gasket shields vary in size from a 
little over 1 in. ID to 5 ft ID. 

This plastic is also expected to 
find application as liners or blad- 
ders in connection with containers 
for white and red fuming nitric 
acid, when certain fabrication prob- 
lems have been solved. It has the 
ability to give chemical protection 
in thin flexible sheets and has 
withstood nitric and sulfuric acid 
mixtures as gaskets on equipment 
handling these acids at about 400F. 
Teflon gaskets gave 18 months 
service in comparison with one 
month for asbestos. 

Molded tubing with fairly thick 
walls is available for chemical 
work and large pipe with relatively 
thin, tough walls composed of a 
combination of glass cloth and Tef- 
lon is now being produced. Small 
diameter tubing with very low wall 
thickness (as low as 0.005-in.) can 
also be manufactured. 


Mechanical Properties: Its ‘me- 
chanical properties are stable up 
to 500 F. Molded bars held at 480 
F for one month have shown a 
loss of only 1 per cent in tensile 
strength. At 570 F the loss in ten- 
sile strength was 10 to 20 per cent. 
It is serviceable to —100 F; uses 
at temperatures as low as —320 F 
have been reported. 

The nonadhesiveness or slipperi- 
ness of this material has proved 
to be useful in the industrial field. 
For example, one large coating 
machine was giving trouble with 
dirtying up of idler rolls in the 
oven on a certain job which was 
performed at intervals. The prob- 
lem was solved by spiral wrapping 
wide Teflon film around the roll, 
taping it down at each end of the 
roll. When the operation was fin- 
ished, the film was unwound and 
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stored until it was needed again. 

Certain parts of pumps and 
valves used in highly corrosive 
service are being fabricated from 
Teflon. It can be molded, ground, 


Table 1—Properties of Teflon 





Property Value 

Ten:ile strength, 77 F. 1500-2500 psi 
Elongation, 77 F ...... 100-200 % 
Shiiinems, TR .ccuse 60,000 psi 


Impact strength (Izod), 
—70F 2.0 ft-lb/in. 
77F 4.0 ft-lb/in. 
170 F_ 6.0 ft-lb/in. 


Hardness-Durometer .. D55 to D70 
Compressive stress, 
0.1% deformation... 1700 psi 


Coefficient of linear 
thermal expansion, 
ae. OB. SOB F ) acocnss 


Thermal conductivity. . 


5.5x10-5/deg F 
1.7 Btu/hr/sq ft/deg 
F/in, 
Specific heat ........ 0.25 Btu/lb/deg F 
Deformation under 

load, 122 F for 85 


hrs at 1200 psi .... 4 to 8% 
Heat distortion tem- 
perature, 66 psi .... 270F 


Water absorption .... 0% 
Specific gravity ..... 2.1 to 2.3 





and machined. A detailed list of 
properties is given in TABLE 1. 


Forms Available: The value of 
Teflon to the designer stems from 
the fact that it is provided in many 
forms. A multiplicity of uses have 
resulted and many new uses are 
being made of the material. 

MOLDING POWDER: This is one of 
the basic forms made. It is granu- 
lar and is used for making heavy 
sheet, molded shapes, etc. 

MOLDED PIECES: Sheets 1/16-in. 
thick or heavier as well as heavy- 
walled tubing, rods, bars, special 
shapes, etc. can be produced. In 
this grouping there should be in- 
cluded molded gaskets, valve pack- 
ings, valve seats, etc. At least one 
company manufactures molded Tef- 
lon with copper or other metal 
firmly bonded to one face. Because 
of its high heat resistance, solder 
can be applied directly to the metal 
sheath. 

SUSPENSOID: This is another bas- 
ic form, but its particle size is 
much smaller than in molding pow- 
der. It is used for casting films, 
roll coating, spray coating, etc. 

WIRE ENAMELS: These are sus- 
pensoids specially processed for use 
in wire coating for the electrical 
industry. 

METAL PRIMER: Three primers, 
one for copper, one for aluminum, 
and one for iron or other metals, 
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FREE design data 





[J Universal Joint Drive 
(C0 Engineering fer Producibility 


C) Evaluating Cast Design 


REPRINTS 


of outstanding articles from MACHINE DE- 
SIGN are available to help you with your 
design problems. Single copies will be 
mailed as long as the supply lasts. Just 
fill out the coupon below. 

e 


Universal Joint Drives by A. H. Rzeppa: Design 
of modern constant-velocity joints, their char- 
acteristics and application in angular drives. 
April, 1953; 12 pages. 

Be 


Engineering for Producibility by Roger W. Bolz: 
Methods of organizing and designing for lower 
production cost through design simplification. 
August, 1951; 24 pages. 

od 


Evaluating Cast Design by Robert J. Franck: A 
practical approach to evaluation of castings for 
critical components. March, 1953; 8 pages. 


Clutches by A. F. Gagne Jr.: Selection and ap- 
plication of positive-contact, frictional contact, 
freewheeling, magnetic-gap and _ hydraulic 
clutches for optimum performance. August, 
1952; 36 pages. 

* 


Utilizing Accumulators in Hydraulic Systems by 
Harold K. Palmer: How to determine accumula- 
tor capacity for optimum performance. No- 
vember, 1952; 8 pages. 

a 


Precision Springs by M. Gerard Fangemann: 
Factors to be considered in design and applica- 
tion for precise and accurate service. Novem- 
ber, 1952; 8 pages. 


Editorial Service Dept., MACHINE DESIGN, Penton Bidg., 
Cleveland 13, Ohio 


Please send me one FREE copy of each of the reprints checked below. 


C) Clutches 
C) Utilizing Accumulators 


[] Precision Springs 











NAME: TITLE 
COMPANY: 

ADDRESS: 

CITY: ZONE: STATE: 
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Well, maybe so. Some of them, at least. But we’re designing 
and making a lot of them—each for an individual applica- 
tion —developed, out of a 34-year background, to do that 
job just a little better than it has ever been done before... 
What, sir, are your specific requirements? 


SUPERIOR CARBON PRODUCTS, INC. 


9115 GEORGE AVE., CLEVELAND 5, OHIO 
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are manufactured. They give im- 
proved anchorage of Teflon coat- 
ings to these metals. 

LUBRICATED PASTE: A specially 
prepared form, this paste can be 
extruded for certain applications 
and is made from coagulated dis- 
persion. 


Films 


SHAVED FiLM: Film in various 
calipers is shaved from the circum- 
ference of a log or bar of the plas- 
tic. This shaved film is satisfac- 
tory for many applications where 
low pinhole count is not important. 
It is not oriented or tensilized to 
any extent. 

EXTRUDED FILM: Made from the 
lubricated paste, extruded film is 
highly oriented and possesses great- 
ly increased tensile strength in the 
machine direction. Two forms of 
extruded film are made. 

Transparent Extruded Film: 
Produced as a film that is fully 
fused, it is used in a wide variety 
of applications including motor slot 
liners, cable wrappings, capacitor 
dielectrics, coil wrappings, gasket 
shielding for corrosive chemicals, 
etc. It is a transparent, smooth 
surfaced film with low pinhole 
count. Dielectric strength runs as 
high as 2500 to 3000 volts per mil 
in 2 to 5-mil caliper film. 

Self-fusing Extruded Film: Made 
in white and opaque forms, this 
product will stretch and is con- 
formable. It is seldom used in its 
unfused form, mainly because it 
is too soft and can be cut or abrad- 
ed too easily. Its value lies in the 
fact that it does not slide too easily 
before fusion and that it bonds 
firmly to itself when fused in con- 
tact. It can be wrapped around ar- 
ticles which must be electrically 
insulated, or which must be protect- 
ed from chemicals, and then fused 
in place to give a tough continu- 
ous covering. Because of its soft- 
ness and pliability, it conforms well 
to various shapes around which it 
is wrapped. Of course, this sheet 
form can be fused only onto metal 
or other material which can stand 
the high fusing temperature. 

Cast FILM: Cast in multiples, 
this film is made from suspensoid 
and is not oriented or tensilized. 

PRESSURE SENSITIVE TAPE: Pres- 
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While that’s true of little boys and castings, the 
condition is not equally obvious. In the case of 
castings, spots or flaws are usually unseen .. . 
invisible to normal inspection . . . but present 
nonetheless and ready to cause trouble. 


That’s why the highest standards of control and 
exacting inspection accompany a Sivyer casting through 
every step of its manufacture. This constant vigilance 

is your best assurance of flawless, precision steel castings. 


The sign of a “healthy” casting. The Sivyer © 
is your guarantee of a safe, dependable casting 
— always look for it. 


SIVYER 


SPECIALISTS IN HIGH ALLOY AND 
SPECIFICATION STEEL CASTINGS 


SIVYER STEEL CASTING COMPANY = MILNAOKEE-<S>eH1CHGO 8) OFFICE: 1675 SO. 43rd ST.¢ MILWAUKEE, WIS. 
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e KNOB 

@ LEVER 

e CAM 

@ CLEVIS 

© FOOT e TREADLE 
e CYLINDER 

e DIAPHRAGM 

© SOLENOID 


PIPE SIZES — 
Ya" through 1”. 





Complete line of pilot 
solenoid valves for 
every requirement. 





Ask your representative 
for our 8-page picture 
bulletin, “Diversatility” 






en 


m Eager 


We take pleasure in offering you the ser- 


on Monagers ass 


vices of these representatives. They are pneumatic 
specialists — every one of them. Phone the nearest 
one for information and expert help on your air 
control problems. 


Alabama 


Birmingham — S. 
Morrow Eng. 


Eureka — Bearings & 
Transmission Prod. 


California 


Pasadena— 


M. Kipp 


San Francisco — 
The Burke Co. 


Connecticut 


Hartford —- 


Gibson Eng. 


Co. 
Georgia 


Savannah — 
Air ay Co, 


ois 
Chicago — Walter 
Co. 


Illin 


Norris Eng. 


Lo + 


Indiana 
rt = 
ng. Co. 


Siaseastmeetts 
Boston — 
Gibson Eng. Co. 


Michigan Pennsylvania 
Detroit — Glenside — 
William Finn J. Boyd Coates 
_ Minnesota Pittsburgh — Ralph 
Minneapolis —_John A. Hiller Co. 
Henry Foster Co. Texas 
Kansas on Ellis Houston — 
Akin Eng. Co. qraaete Comp. 
St. Louis — John , 
Henry Foster Co. Washington 
New York Seattle — 
New York City, Newark Chain Gear, Inc, 
—K. E. Knotts Co, Wisconsin 
Buffalo, Rochester, Milwaukee — 
Syra Jas. H. Connell 
R. Cc. eal Co. CANADA 
Ohio 
Cleveland — Montreal — 
P. W. Rice Cowper Co., Inc. 
Dayton — Toronto — John 
. C. Mosier Spotton Co., Ltd. 
Oregon Vancouver 


Portland — Power 


Galbraith & Sulley, 


Transmission Prod. Ltd. 


WRITE FOR “THE STORY OF METAL SPINNING.” 
engineers design for lower costs; how to use the Teiner experi- 
mental shop and how Teiner provides all-gauge — all-metal — 

any-quantity spinning for industry. Read about this spinning 
shop, now largest in the east and tops in scientific experimental 
spinning. Ask for Brochure 52D, 





Find out how 


TEINER 


om ay i ae ae 





Bene me me . 
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sure-sensitive, Teflon film-backed 
tapes have been made in combina- 
tion with glass cloth. The adhesive 
used is one which vaporizes more 
or less completely at the maximum 
temperature to which the Teflon 
might be subjected in service, leav- 
ing little or no carbon residue. The 
tape simplifies the job of holding 
the plastic material in place during 
fabrication. 


Methods of Fabrication: In order 
to develop the inherent toughness 
and strength of Teflon, it must 
be fused or sintered above its trans- 
ition temperature of 621 F. At this 
temperature the plastic changes 
from a fairly hard, semitranspar- 
ent, waxy solid to a rather soft, 
amorphous, transparent gel. This 
change occurs at 621 F whether 
the plastic has previously been sin- 
tered or not. Before this sintering 
is done the first time, the plastic 
is not suitable for most operations. 

The various types of dispersions 
may be applied by spray gun or 
by dipping. They must then be dried 
and sintered at about 750 F. Suc- 
cessive coats are required to elim- 
inate pinholes and give good chem- 
ical protection, and each coat 
should be separately fused. 

Tapes can be used as a spiral 
wrap, which is frequently done for 
electrical insulation. For chemical 
protection, however, the self-adher- 
ing type which must be sintered 
after wrapping offers a_ better 
means of securing sealed protec- 
tion. 

The white self-fusing film sheet 
is easy to apply and to fuse around 
small shapes of regular sur- 
face, the simplest being wire. 
Wrapped wire can be fused contin- 
uously by passing through a suit- 
able oven maintained at 750 to 
850 F or higher if the wire is quite 
small. The fused wire should be 
quenched in water as soon as it 
comes from the oven. The film may 
be applied over a wide variety of 
sizes and shapes, but special care 
is frequently required to insure 
fusion without crack formation. 


Toxicology: A recent technical 
information bulletin on Teflon from 
du Pont states the following: ‘‘Min- 
ute amounts of gaseous fluorine 
compounds are given off at tem- 
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PREMIUM-BUILT 
ELECTRIC MOTORS 
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Comar can supply the correct relay to suit your specific 
needs. Type N with dimensions of only 2%” x 1%6” x 16” 
for 4PDT, and Type D with 1%4” x 1'%” x 1%" for 4PST, 
are ideal for a wide range of general industrial purposes, 
Contacts up to 10 amperes available. For military and 
general industrial applications, the Type TM which is only 
1%” x 1%2"'x*%" for 4PDT, or Type TJ which is only 
1%" x 1%" x °%" for 4PDT, or Type TW which is only 
1'"” x 1%6” x %” for DPDT, have provided the solution to 
small space problems. Standard units carry up to 3 amperes 
on contacts. Types TM, TJ and TW available hermetically 
sealed or open. Relays can be modified to meet special 
requirements. Send specifications for our recommendations. 


Send for Catalog 








3349 Addison St., Chicago 18 


Relays + Solenoids ¢ Coils * Transformers * Switches * Hermetic Sealing 


WW 
sl ge 4 on OE 
wa, WATLOW 


IMMERSION HEATERS 





accurately controlled 
electric heat 


HEATING LIQUIDS 













The most efficient method of heating fluids in 
tanks, kettles, steam tables, boilers, etc. Watlow Units are 
designed for low internal operating temperatures—which 
resulis in maximum life. Available in brass, s‘eel or 
nickel alloy, also stainless steel sheaths, for maximum cor- 
rosion resistance. Standard sizes: %” to 2” dia., 34” 
to 60” lengths; 10W-35W densities. Special sizes and 
shapes built to your specifications. 


Send for your free copy of 
Watlow Electric Heating Units Catalog. 


SINCE 1922—DESIGNERS AND MANU- 
FACTURERS OF ELECTRIC HEATING UNITS 


“ELECT 
1384 F 
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peratures above 390 F and appreci- 
able quantities are given off at 
600 F or above. At approximately 
750 F polytetrafluorethylene 
composes slowly. Adequate venti! 
ation must be provided for any o; 
eration where these temperatur: 
may be attained, because of x 
sible toxicity of these gases.” 

From a paper entitled “Polyt: 
rafluorethylene—Its Properties « 
Uses” presented at the Sp: 
Meeting of the ASME in Colum/'s 
O., April 1953. 


Lubricating with 
Molybdenum Disulphide 
By Alfred Sonntag 


President 
The Alpha Corp. 
Greenwich, Conn. 


MOLYBDENUM disulphide, 
MOS,, which resembles graph- 
ite in appearance, is a mineral and 
is the primary source for molyb- 
denum. The basis for the lubricity 
of molybdenum disulphide lies in 
its unique molecular structure. By 
comparison with other materials, 
pure MOS, has quite exceptional 
chemical stability and inertness. 
It does not dissolve in cold or boil- 
ing water, in solvents, petroleum 
oils, or synthetic lubricants. It re- 
sists the attacks of most acids ex- 
cept aqua regia, boiling concentrat- 
ed hydrochloric acid, fluorine and 
chlorine. In the presence of pure 
oxygen it oxidizes at room temper- 
ature. Since the sulphur is in 
chemical combination, it does not 
react on metals like free sulphur. 


Thermal Stability: The lubricat- 
ing properties of MOS, are not af- 
fected by subzero temperatures and 
in the presence of air it has practi- 
cal applications up to 750 F. Oxi- 
dation in air at atmospheric tem- 
peratures is so slow that it takes 
many years to notice it, and then 
only the top layer exposed to the 
air is affected. Oxidation reaches 
practical proportions at 750 F in- 
creasing with rising temperature to 
a very rapid decomposition at 1100 
F. The product of decomposition 
in air is molybdenum trioxide 
which has no lubricating proper- 
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When fire strikes IT PUMPS PROTECTION 


This is the heart of reliable systems 
that protect against hazards of fire 


America’s annual loss to the ravages of fire 
is a staggering amount. Reliable plant and 
property protection often begins with an 
independent fire protection system, the 
heart of which is an approved and reliable 
fire pump. In the manufacture of fire pumps, 
rigid construction requirements and opera- 
tional dependability are paramount. This is 
why National Bearing Division was selected 
to supply bronze impellers, wearing rings, 
and shaft sleeves, for this fire pump and 
other pumps bearing the Peerless name. 
In supplying component fire pump parts 
to Peerless, a supplier must not only meet 
the rigid requirements of this manufacturer, 
but also the strict regulations of Under- 


writers’ Laboratories, Inc.; National Board 
of Fire Underwriters, Chicago; and the 
Inspection Department, Associated Factory 
Mutual Fire Insurance Companies, Boston. 

National Bearing’s proved ability to mass 
produce exceptionally fine-grained, non- 
ferrous castings, free from blow holes and 
sand inclusions, combined with Peerless 
Pump Division’s exacting engineering and 
manufacturing standards help build fire 
pumps, and industrial pumps that can be 
counted to pump a reliable water supply for 
fire protection or other plant needs. 

If your product requires non-ferrous 
castings or bearings, National Bearing 
Division has the fouridry facilities, expe- 
rience and skill that will insure better 
product performance and may possibly 
lower product costs. 


NATIONAL BEARING DIVISION 


4931 Manchester Avenue « St. Louis 10, Mo. 


PLANTS IN: ST. LOUIS, MO. *« MEADVILLE, PA. ¢ NILES, OHIO ¢ PORTSMOUTH, VA. « ST. PAUL, MINN. ¢ CHICAGO, ILL. 
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How Do 
You Buy 
Bearings? 


Do you get a 
MONEY-BACK 
GUARANTEE OF 
LONGER SERVICE 
AND LOWER 
MAINTENANCE 
COST? 


You do when you buy 


BEARINGS 
BUSHINGS 
WEARING PARTS 


Machined or rough cast 
American Crucible methods, 
experience, know-how and 
equipment save you real 
money. Castings to your pat- 
terns—any size, shape or sec- 
tion up to 3,000 Ibs, Pattern 
making, detigning and ma- 
chining. 


PROMET 
BRONZE BAR STOCK 


Round, solid, tubular. Rough 
cast or fully machined, Cored 
stock, all sizes (by %” steps) 
from %” minimum core to 
26” O.D, 13” lengths or less. 
6 grades of hardness. 

Write for literature or send 
blueprints, conditions of op- 
eration and other data for 
quotations and recommenda- 
tions as to alloys. 


THE 
AMERICAN CRUCIBLE 
PRODUCTS CO. 


1321 OBERLIN AVE. 
LORAIN, OHIO, U.S.A. 
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ties, and, depending upon particle 
size, may act as an abrasive. In in- 
ert atmospheres, decomposition 
temperatures are _ considerably 
higher—1600 to 2000 F in a vacu- 
um and 2400 to 2800 F in argon 
have been reported. 


Methods of Application: Aside 
from MOS, in fine powder form, a 
variety of MOS, grease consistency 
mixtures, colloidal and near-colloid- 
al suspensions in petroleum oil, syn- 
thetic lubricating liquids, or solv- 
ents is now available. 

There appears to be much prom- 
ise in developing methods of 
bonding coatings without the use 
of binders. Rubbing the powder 
into a bearing surface by hand ap- 
plies a coating which serves many 
purposes, but the intimate contact 
necessary to bond is only made at 
the hilltops of the surface. Hard 
mechanical rubbing, pressing and 
impacting by tumbling makes for 
a more uniform and effective bond. 
Such mechanical forces pound or 
squeeze the material for intimate 
contact with the metal into the 
grooves and force out vapor layers 
and pockets. There are indications 
that the employment of heat may 
contribute to better bonding of the 
lubricant. 

Applying highly concentrated 
homogeneous MOS, grease con- 
sistency mixtures to bearing sur- 
faces and running them in for 
short periods usually produces ef- 
fective and antigalling low-friction 
coatings. After the running-in pe- 
riod, excess material may be re- 
moved by solvents or other con- 
ventiona] degreasing methods, if 
dry lubrication is desired. Friction 
tests prove that repeated thorough 
cleaning with all type of solvents 
will not remove a basic coating of 
MOS,. Abrasive methods or a 
cleaning procedure which includes 
pickling in muriatic acid have been 
used to remove all traces. 


Design Properties: Natural and 
pure MOS, is a solid extreme pres- 
sure lubricant whose effectiveness 
in comparison with other known 
lubricants increases with bearing 
pressure, providing lubrication for 
pressures in excess of 400,000 psi, 
far beyond the yield point of any 


metal. Its function as a lubricant 
is independent of temperature over 
a range of at least — 90 F to 750 F, 
and for even higher temperatur = 
in the absence of air. 

Experience indicates affinity | 
bonding to metal surfaces. WU)! 
mate effectiveness appears to 
pend on methods used to obta 
uniform and solid bond with hb 
ing surface. The aim is a sur'!: 
layer of molybdenum disulp): 
molecules which are not separ 
from each other or from the b 
ing surface by liquid or gas 
films. 


Service 


As a dry lubricant it is ser 
successfully 


1. Where liquid films cannot 
maintained for reasons of 
or cold. 

2. In dusty atmospheres where liq- 
uid films are undesirable. 

3. Where the thickness of liquid 
films interferes with the accu- 
racy of measurement on optical 
and other measuring equipment 
for example. It has been possible 
to work with zero or even nega- 
tive clearance between surfaces 
without indications of galling or 
seizing. 

4. In cases where the deterioration 
of liquid films into gummy resi- 
dues ultimately impairs’ the 
proper function of certain mech- 
anisms. 


MOS, or its lubricating com- 
pounds are successfully used where 
extreme bearing pressures cause 
galling (scuffing), seizing, welding, 
and excessive wear of bearing sur- 
faces; for reciprocating parts 
where liquid lubricants are difficult 
to maintain and fretting results; 
for lubrication of mating surfaces 
made of similar metals—stainless 
steel on stainless steel, etc.; as an 
EP additive to other lubricants, in- 
cluding silicones and other syn- 
thetic materials lacking EP proper- 
ties; for lubrication of natural and 
synthetic rubber; and as an addi- 
tive to cutting oils or to cold-form- 
ing coolants. 

From a paper entitled “Proper- 
tics and Uses of Pure Molybdenum 
Disulphide as a Lubricant” pre- 
sented at the meeting of the Amer- 
ican Society of Lubrication Engi- 
neers in Milwaukee, Wis., March 
1953. 
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Materials Handling 


Chain Conveyors: Available in 
3% and 414-in. widths; handle bot- 
tles, cans, lumber and work in 
process. Constructed of hot roll 
steel or stainless steel; various 
drives, speeds and chain design 
meet requirements of installation 
and operation. Clean-out holes 
along both top sides provide easy 
accessibility to underside of chain 
links and inside of frame. Com- 
pletely self-contained; power drive 
is mounted at one end of frame. 
Sides of flat, hinge type chain ride 
on a smooth channel. Guide rails 
available. Sage Equipment Co., 
Buffalo, N. Y. 


Feeding Table: Portable; has 
load capacity of 3 to 10 tons. For 
feeding large, heavy sheets to 
presses, brakes or shears. Top 
measures 36 by 96 in.; is hydraul- 
ically operated by multiple-speed 
foot pump, and is also available 
with electric drives. Rack Hydraul- 
ic Equipment Corp., Connellsville, 
Pa. 


Sheet and Strip Handler: Coil- 
veyor supports long, narrow strips 
as they are cut by a shear. Can 
handle strips up to 6 ft long and 
from 20 to 48 in. wide. After rib- 
bon comes off coil, passes through 
leveler, it is cut by the shear. 
Air-operated plungers of this ma- 
chine support the ribbon as it butts 
against a stop acting as a back 
gage. As shear cut is completed, 
cut ribbon, or strip, is lowered to 
conveyor belts and carried away. 
Plungers return automatically to 
support next cut. Fried Steel 
Equipment Mfg. Corp., New York, 
N. Y. 


Electric Tiering Truck: Reach- 
Fork has 2000-lb capacity. Reaches 
out to pick up or deposit loads; 
stacks material at right angle from 
any 6-ft aisle. Offset drive wheel 
has 200-degree turning arc. Forks 
extend 24:in. and back in a few 
seconds’ time. Handles any size 
pallets without any changes being 
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Design for RELIABILITY in SERVICE with Alden 
Components for PLUG-IN UNIT CONSTRUCTION 






Request free 
ALDEN HANDBOOK 


New free Alden Handbook sim pite plug-in unit 
design. Presents complete line of basic components 
of tremendous flexibility for adapting your equip- 
ment to plug-in construction. 





] Unitize your circuitry in compact vertical planes 
e using Alden Terminal Card Mounting System. 


+00 0, 


‘ iit STRIP 
PREPUNCHED TER=- MINIATURE minates wiring fi SRD MTS. 
MINAL MTG. CARD TERMINALS common circuits 


You can use Alden Terminal mR arene Card with — Ade Minis Terminals, Fy Scrip and 
Sockets staked to accommodate ony... — — ‘oldering ready for housing. 
Components snap into unique Alden T. are e held s. 
Mount this compact vertical premdnes in neat 
* anseaane ALDEN PLUG-IN PACKAGE OR CHASSIS 


oa RP pare or on a 


as. i. BASIC CHASSIS 
Alden components provide standard plug-in ot slide-in housings—with spares, your circuits it 
units replaceable in 30 seconds. 
3 Use ALDEN BACK CONNECTORS and SERVE-A-UNIT LOCK 
efor 100% circuit accessibility and 30-second chassis removal. 


462-1 
462-2 a 

















evar aRtette” “FeLtT tT 
Accessible central check point, 
leads color coded and numbered 








LOCK ‘draws in 
& ejects chassis 


4 Assign to each unit tiny tell-tale ALDEN SENSING 
e ELEMENTS — to spot trouble instantly: 





MINIATURE MINIATURE MINIATURE 
INDICATING INDICATING 
oe slash ao LIGHT FUSE HOLDER 






iene DS 149 N. MAIN ST., BROCKTON 64, MASS. 
4 


. Htpen Praooucts Co 











what does 


THUJA OCCIDENTALIS 


have to do with gears? 


Thuja occidentalis is a type of cedar tree 
—of which there are many in the landscap- 
ing around our modern, attractive plant. What 
do they have to do with making gears? Indirectly, 
a lot? because they contribute a lot to making our 


SPUR 
plant a desirable and attractive place for our expert © » WwoRM 


craftsmen to work. Pleasant surroundings, we be- 
° ° ° ° ° INTERNAL 
lieve, are of major importance in helping our em- 

ployees produce the highest quality work they are SPIRAL BEVEL 
capable of. Thus our Thuja occidentalis is one of the —S> gta 
many details we’ve considered in our efforts to bring 
you better custom gears. If youre not already a 
Cincinnati Gear customer, inquire today for full in- 


HERRINGBONE 
*CONIFLEX BEVEL 


formation. SPLINE SHAFT 


*Reg. U.S. Pat. Off. 











Neste: Cel Sanit Gaby 8 
: Wooster Pike and Mariemont Ave. e Cecil 29 oulk 















fa Rubber Co., Lima, Ohio, produces ‘puddie-proof"’ 
Weo-Cork and Neo-Cord heels and soles of molded 
neoprene. | fare widely used by manufacturers of footwear. 
Gro-Cord has sp@ gee production and cut tool room costs by making 
their molds of Spee@ Case (X1515) low carbon, open hearth steel 
plate. Ease of m@thining has increased tool life nearly 200% — 
machining speeds and feeds have been increased up to 50%. Speed 
Case takes a ‘‘beautiful"’ finish — can be engraved more readily. 




















can 
through several | 
case hardening. © 
The Speed Steels j= 
Case, Speed Treat 
Speed Alloy can probably 
cut your costs or improve 
your product — get the 
facts! 


DISTRIBUTED BY 
Brown-Wales Co.,. Cambridge-Hartford-Auburn, Me. - Bridgeport Steel Co., Milford, Conn. 
Beals, McCarthy & Rogers, Buffalo, N. Y. - Burger Iron Co., Akron, Ohio - Grammer, 
Dempsey & Hudson, Inc., Newark, N. J. - Earle M. Jorgensen Co., Los Angeles-Houston- 
Oakland-Dallas - Passaic County Steel Service, Inc., Paterson, N. J. - Peckover's Ltd., 
Montreal-Toronto - Peninsular Steel Co., Detroit, Mich. - Pidgeon-Thomas Iron Co., Mem- 
phis, Tenn. - Horace T. Potts Co., Philadelphia-Baltimore-York, Pa. 


‘Produced by W. J. Holliday & Co., Inc., Speed Steel Plate Division, 
Hammond, Indiana. Plants: ‘Hammond and Indianapolis, Indiana 
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made in the truck. Pallets can be 
stacked close together, since no 
space is needed between loads to 
accommodate base forks. Light- 
weight; may be operated safely on 
low-capacity elevators and floors. 
Has 5l-in. free lift, making pos- 
sible the elevation of loads in low- 
ceiling areas, boxcars and truck 
trailers without increasing truck’s 
overall height. Raymond Corp., 
Greene, N. Y. 


Electric Lift Trucks: Standard 
Skylift CF line features class “H” 
silicone insulated motors, duolift 
rams with leakage return, high lift 
speed, hydraulic safety fuses and 
easy accessibility for maintenance. 
Have upright channels of heavy 
rolled steel, interchangeable car- 
riage and upright rollers mounted 
on sealed ball bearings, and widely 
spaced adjustable side thrust roll- 
ers on fork carriage. Models avail- 
able with rated capacities of 1000, 
1500, 2000 and 3000 lb with 48-inch 
load length and 4000 Ib with 30- 
inch load length. All models of- 
fered with either duolift rams, pro- 
viding full free lift feature, or 
monolift, permitting 191, in. free 
lift before overall height begins to 
increase. All models have full tele- 
scopic lift height of 132 in. Have 
four speeds in both forward and 
reverse. Truck can be reversed 
only in first speed, and brake is in- 
terconnected with seat, so that 
truck is automatically braked when 
operator leaves seat. Automatic 
Transportation, Co., Chicago, Il. 


Metalworking 


Profile Mill: For precision mill- 
ing of profiles, irregular shapes, 


| hexagons and geometric forms. 


Will hold dimensional relations to 
a single dimension tolerance, Only 
two milling operations—rough and 
finish—are required. Cams and 
fixtures are built to specifications. 
Machine can be set up for various 
jobs by changing cams. Spike 
Mfg. Co., Farmington, Mich. 
Automatic Lathe: Designed to 
operate at high speeds, 60-in., 
heavy-duty contour turning unit 
uses tungsten-carbide tools; ma- 
chines steel mill rolls. Electroni- 
cally controlled cross-feed and lon- 
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...and subjected to every con- 
ceivable test that a modern engineering “torture chamber” could devise. From it came a 
great new line of improved Rex Chabelco Steel Drive and Conveyor Chains. It wasn’t 
easy because, as Chabelco users know, the previous Chabelco Chains were “tough,” 
strong...hard to beat. But by making a few important design and manufacturing changes, 
Rex engineers produced a line of improved standard drive and conveyor chains. We call 
them Rex Chabelco “R” Series Drive and “RR” Series Conveyor Chains! You'll call 
them the best chains you've ever used! 







Why not have your Rex Field Sales Engineer give you the complete story. Chain Belt 
Company, 4643 W. Greenfield Avenue, Milwaukee 1, Wisconsin. 


CHAIN BEc> 


REX Chain Belt COMPANY 


COmPAN* OF MILWAUKEE 


® Atlanta ¢ Baltimore * Birmingham * Boston ¢ Buffalo * Chicago * Cincinnati * Cleveland * Dallas 
Denver ¢ Detroit * El Paso * Houston « Indianapolis * Jacksonville * Kansas City * Los Angeles ¢ Louisville 
Midland, Texas * Milwaukee * Minneapolis * New York * Philadelphia « Pittsburgh * Portland, Ore. 
West Springfield, Mass. * St. Lovis * Salt Lake City * San Francisco * Seattle * Tulsa * Worcester 
Distributors located in principal cities in the United States and abrocd 
EXPORT OFFICES: Milwaukee and 19 Rector Street, New York City 
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Durakool 


the 


STANDARD 


of Quality, 
Durability and Life 








Years of trouble-tree per- 


formance on the most diffi- 
cult of assignments have won 
top recognition for Durakool 
Mercury Tilt Switches. Fiigh 
fast 


temperatures, cycling 


and 24 hour schedules taken 


in stride. 7 sizes, | to 65 
amperes. Send for Bulletin 
§25. 





WITHSTANDS 






HIGH 






? ee T iat 
See telephone directory for local 
distributor or write 


DURAKOOL, INC., Elkhart, Indiana 
50 St. Clair Ave., W. Toronto 


Durakool 


ALL-STEEL MERCURY SWITCHES 
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gitudinal feed motors are actuated 
by sigaals from a floating stylus” 
mounted on the carriage cross slide 
to produce exact contour duplica- 
tion of templates. Lathe has all- 
geared, totally enclosed headstock, 
three-way 65-in.-wide bed, two 
steady rests or roll housings and 
live-center tailstock. Contours roll 
bodies while rolls are supported on 
their necks in roll housings rather 
than on centers. Unit will turn on 
centers if desired. Roll housings 
are fitted with bearings which ad- 
just radially to suit neck diameter 
and longitudinally to contact thrust 
faces at ends of roll body. Hous- 
ings accommodate neck diameters 
from 11 to 28 in. Tailstock is a 
special housing fitted with an over- 
size steel spindle operated by a 
worm and worm wheel. Carriage 
has extra long wings which bear 
on the bed for their entire length. 
Mackintosh - Hemphill Co., Pitts- 
burgh, Pa. 


Die Sinking Machine: Mode! 
KF12 universal pantograph per- 
forms copy milling operations rang- 
ing from die sinking of large and 
intricately shaped dies and molds 
to light engraving. Reproduces 
dies and molds accurately and 
economically with high surface fin- 
ish. Pantograph system permits 
two or three-dimensional milling 
at 1:1 ratio and reductions or en- 
largements from 1:1.5 to 1:4. Cut- 
ting tool covers an area of 15%, 
by 15%, in. or 10 by 1934 in. Cut- 
ting areas can be fully utilized with 
die blocks up to 15%, in. high. 
Power-operated vertical saddle per- 
mits raising both master and work- 
piece simultaneously at a rate of 
30 in. per minute, which reduces 
downtime for setting up and tool 
changes. Rough milling spindle 
has built-in speed reducer. Infi- 
nitely variable spindle speeds range 
from 60 to 10,000 rpm. Size of 
machine, 54 in. long, 67 in. wide, 
77 in. high; weight about 3200 Ib. 
Cosa Corp., New York, N. Y. 


Production Drill Press: For mul- 
tiple operations involving drilling, 
tapping, reaming, burring and 
chamfering. Four types, equipped 
with from one to four drill heads, 
available. Each drill head is a 14- 
in, drill press with a simple belt 


tension release which provides 
quick speed changes, Free-floating 
spindle eliminates side thrust and 
whip; sealed ball bearings simplify 
maintenance. Spindle speed range 
is approximately 720 to 4325 rpm. 
Maximum capacity, 7 in. from spin- 
dle to column and 18 in. from chuck 
to table. Drill head positioning at- 
tachment gives each drill head as- 
sembly 4 in. of vertical adjust- 
ment at any one setting. Attach- 
ment can be set at any point on the 
column and after being locked in 
place, swivels around the column 
with the drill head and moves the 
head up and down the column by 
means of an enclosed worm gear- 
ing. South Bend Lathe Works, 
South Bend, Ind. 


Rotary Dividing Table: “‘Wafer- 
Thin” model built by Hayes Engi- 
neers Ltd., Leeds, England, is thin- 
nest rotary dividing table manufac- 
tured. Provides highest capacity 
under the tool on all milling, drill- 
ing and jig boring machines. High 
precision unit; maximum error 
through 180 degrees is 0.00025. 
Hardened steel worm is fitted into 
an eccentric quill assembly so that 
it can be disengaged. Dead stop is 
fitted to allow worm to be re-en- 
gaged to correct position. Has 
large micrometer dial as well as a 
divided ring around periphery of 
table. Movable zero datum is pro- 
vided to facilitate reading. Avail- 
able in either 11 or 12-in. diameter. 
International Machinery Div., Brit- 
ish Industries Corp., New York, 
N. Y. 


Jig Borer: No. 2E for precision 
boring and milling, Features Elec- 
trolimit measuring system and pre- 
loaded ball roll quill. Employs sep- 
arate measuring units for longi- 
tudinal and transverse movements. 
Both units are independent of trav- 
ersing screws; each obtains basic 
1-in. spacings electromagnetically 
and registers a zero reading on an 
indicating meter without making 
physical contact. Micrometer head 
is graduated for reading to 0.0001- 
in. Ball roll quill “roll-feeds” on 
288 precision balls preloaded be- 
tween hardened quill and liner with 
a total bearing pressure of 6000 Ib. 
Stability of ball roll quill makes 
milling feeds practical for the table 
and carriage. Automatic interlock- 
ing mechanism clamps head posi- 
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SAGINAW BALL BEARING SCREWS 


- provide easy positioning of secondary 
coils in the versatile new line of 


A. O. Smith D. C. Rectifier welders 


With a Saginaw screw the entire rotary-to-linear force is transmitted through rolling steel 
balls so that friction is less than 10%. A. O. Smith found that the Saginaw Ball Bearing 
Screw and Nut afforded free and easy “finger-tip” manipulation of their welding-current 
control mechanism. In the A. O. Smith D. C. Welders, two Saginaw screws raise or lower the 
secondary coil thus permitting step-less current for all welding operations. In the country’s 
best manual and power steering gears, in machine tools, in many of the latest type army 
and navy aircraft, Saginaw screws are raising, lowering, pushing or pulling loads up to 
thousands of pounds with a fraction of the power that would be required by any type of 
thread-to-thread screw. 


With wear reduced to a minimum, there is no appreciable increase in back-lash throughout 
the life of Saginaw Ball Bearing Screws. They can be effectively combined with electrical, 
hydraulic or pneumatic units. And they simplify service and reduce maintenance requirements 
(even to the extent of operating effectively with no lubrication). Saginaw screws can be 
furnished in any size in a complete range of load and life requirements. 


FOR MORE COMPLETE INFORMATION WRITE FOR ENGINEERING DATA BOOK. 


aqinaw STEERING GEAR 


DIVISION, GENERAL MOTORS CORPORATION, SAGINAW, MICHIGAN 
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MANUFACTURER OF SAGINAW POWER STEERING FOR PASSENGER CARS, TRUCKS AND TRACTORS 
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Servo “Muscles 


for yous 
AUTOMATIC CONTROL SYSTEMS 


99 


Avoid development delays and expense with 





Standard servo amplifiers mate with 
various motors and clutches, and are 
driven from DC, 60 or 400 CPS da- 
te. Vacuum-tube, magnetic, and 
transistor-magnetic units available. 


ra Contact ovr Engineer- 
ing Department for ad- 


ditional information. 


co INDUSTRIAL CONTROL COMPANY 


@ Industrial 
Controls 


@® Nuclear 
Installations 

® Military 
Equipments 


our line of universal servo components, and 
the cooperation of our Engineering Depart- 
ment, in your 











Wyandanch Long Island, New York 
MIDLAND 3-7548 
































TELEFLEX 


MECHANICAL REMOTE CONTROLS 


Unlimited Rotary Motion— Meshing of 
Teleflex screw-type Cable with specially 
hobbed gears housed in Teleflex Control 
Boxes permits unlimited shaft rotation. 


Efficiency—The unique construction of 
Teleflex Cable provides control systems 
that operate efficiently in both tension 
and compression. 

Minimum Lost Motion—Close toler- 
ances held between Teleflex Conduit and 
the Cable reduce snaking of the cable 
within the conduit. 
Flexibility—Teleflex conduit and cable 
can be routed around obstructions and 
through areas where space is limited. 


Ease Of Installation—Telefiex Controls 
are assembled on-the-job from standard 
Telefiex parts. Prefabricated controls are 
available for short run controls. 
Engineering data for calculating operat- 
ing loads and backlash is available upon 
request. 

Write now for our latest brochure 302D 


TELEFLEX INCORPORATED 


125 So. Main Street No. Wales, Pa. 
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tively in position on column after 
motion and releases it before mo- 
| tion starts. Electronically con- 
| trolled milling feeds are infinitely 
_ variable from 1 to 15 in. per minute. 
| Eight spindle feeds range from 
0.0005 to 0.015 in. per revolution, 
both up and down. Twelve spindle 
speeds ranging from 37 to 1800 
rpm. Table is 22 by 44 in.; travel 
is 36 in. longitudinally and 22 in. 
transversely ;, maximum height be- 
tween table and spindle end is 27 
| in. Pratt & Whitney, Div. Niles- 
Bement Pond Co., West Hartford, 
Conn. 

Plate - Sheet Working Machine: 
Developed by GV Nibbler Co., 
Stockholm, Sweden; available in 
| three sizes. Performs beading, 
| straight cutting, folding, joggling, 
| circular cutting, slot cutting, nib- 
| bling, irregular or free-hand cut- 
ting and louver cutting operations. 
_ Mechanism is enclosed and operates 
in an oil bath. Cuts mild steel, 
| stainless steel, aluminum, brass, 
| copper, fiber, etc. Cutting capac- 
| ity of Junior model, ¥%-in.; Me- 
| dium model, 15/64-in.; Senior mod- 
| el, 5/16-in. Throat depths are 
| 281%, 40 and 49 in., respectively. 
| All models have 220 or 440-v, 60- 
| cycle, three-phase motors. Circle, 
| straight cutting, folding and bead- 
| ing tools as well as adjusting gages 

and necessary spanners are includ- 

ed; other tools are available for 
special operations. Eric 8. John- 
_ son Co., Chicago, Ill. 


Boring and Facing Machine: For 
| irregular profile milling and boring 
of aluminum and magnesium cast- 
| ings and forgings or cast and rolled 
' armor plate. Has duplicator equip- 
| ment with templates, Especially 
| applicable to profile machining nec- 
| essary in the manufacture of air- 
| eraft and armored vehicle parts. 
| Features a motor-powered spindle 
| housing unit that moves directly 
_ into work face. Forney’s Inc., New 
| Castle, Pa. 
Wet Carbide Grinder: Model AW 
for various rough and finish jobs. 
| Provides ample flow of water for 
| adequate cooling when a consider- 
able amount of carbide must be re- 
moved. Features quick-acting in- 
dexing tables which can be set in- 
| stantly to required angle and do 
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types of problems 


Here are ten typical fastening problems. One device, the 
ELASTIC STOP nut, solves them all—without additional parts 

or operations. Deliberately undersized in relation to bolt diameter, 
the red elastic collar grips the bolt with a perfect fit, exerting 

a continuing self-locking pressure against the threads, and 

holding the nut securely in place at any point on the bolt. It also 
provides a tight seal against the bolt threads, which prevents 
seepage and wear-producing axial play. And because the bolt threads 
are protected against moisture from without, the nuts are 

not “frozen” to the bolt by corrosion. 

ELASTIC STOP nuts stay tight, right where you put them, in spite of 
vibration and stress reversals. Yet they are not jammed in place, and can be 
removed with a wrench and reused many times. 


For further information on ESNA self-locking fasteners, 
mail the coupon below. 






























ee eee ee ee a ee 


Dept. N41-14, Elastic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, New Jersey : 


1 Please send the following free fastening information 


OC Elastic Stop nut bulletin [1] Here is a drawing of our product. What self- 











I 

I 

I 

I 

C) Rolipin bulletin locking fastener would you suggest? 
l Name Title 

I Firm. 

I 

|; = 

1 City. Zone __State. 
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Perfect Balance 


Each of the elements in a 
Curtis Joint is precisely pro- 
portioned in dimensions, 
heat treatment and _ steel 
composition to provide bal- 
anced performance. 





One advantage of this inte- 
grated balanceisdemonstrat- 
ed in laboratory tests which 
prove that Curtis standard 
stock universal joints — al- 
though not specifically 
intended for high speed ap- 
plication — perform success- 
fully at speeds up to 3,000 
or 4,000 r.p.m. 


ONLY CURTIS OFFERS ALL 
THESE ADVANTAGES 
Availability — 14 sizes always 
in stock; bored or unbored hubs. 
6” hub diameter joints or special 

machining to specifications. 
Simplicity —fewer parts, simpler 
construction. 

Government Tests — complete 
equipment for government tests 
in our plant; 


Not sold through distributors; 
write direct for free engineer- 
ing data and price list. 


% 
Fe be 
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UNIVERSAL JOINT CO., INC. 


i 
4 . 5 BIRNIE AVENUE 
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SPRINGFIELD, MASS. 
As near to you as your telephone 


Fas A MANUFACTURER OF 
> UNIVERSAL JOINTS SINCE 1919 


CURTIS wniversat Joints 
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not requ.re locking screws or other 
devices to keep them in position. 
Has separate motor-driven coolant 
pump, pan, settling tank, piping, 
valves, nozzles and spray guards. 
Also has drum type on-off-reverse 
switch, combination protractor tool 
guide and truing holder. Furnished 
with %-hp motor for 110-v, 60- 
cycle single phase or 220/440-v, 
60-cycle, three-phase current. Over- 
all dimensions, 22 by 29 by 50 in.; 


weight, approximately 365 Ib. 
Thomas Prosser & Son, New York, 
N.Y. 


Trimming Press: Model No. 210 
is designed for rigidity and quiet 
operation and features streamlined 
box type crown construction, Sin- 
gle-geared unit has twin herring- 
bone drive gears running in oil, rim 
type oil-tight gear guards, air coun- 
terbalance concealed in uprights, 
automatic lubrication and cool run- 
ning friction clutch. Friction clamp 
slip type knockout prevents acci- 
dental breakage of dies or other 
parts. Press operates at a speed 
of 35 strokes per minute with ram 
capacity of 440 tons. Slide has 16- 
in, stroke with a motorized adjust- 
ment of 6 in.; trimming attachment 
has 10-in. stroke with 4-in. adjust- 
ment. Has 86 by 94-in. base, is 
18 ft high, weighs approximately 
98,000 lb. E. W. Bliss Co., Can- 
ton, O. 


Plant Equipment 


Abrasive Belt Splicer: Econaway 
model, redesigned to increase speed 
of splicing and also improve splice 
quality. Motor is now enclosed and 
belt drive and arbor carry grinding 
wheel. Cutter and press bars are 
mounted on top of enclosure so 
that operator need not move from 
one station to another. Electrical 
curing press reduces curing time 
from 24 hours to less than 60 sec- 
onds. Saves space formerly re- 
quired for storage of belts durirg 
curing. Machine can splice belts 
up to 14 in. wide. Aget-Detroit Co., 
Ann Arbor, Mich. 


Coolant Clarifier: Features over 
16,000 sq in. of filtering area. Re- 
moves all chips, abrasives, dirt and 
other solid contaminants from both 
water-based and mineral oil coo)- 
ants used in individual machine 


tools or small central systems. 
Liquid passes through multiple fil- 
tering tubes suspended vertically 
within clarifier. Tubes are self- 
cleaning. Unit can be operated 
continuously, independent of ma- 
chine tool, or intermittently. Ho- 
nan-Crane Corp., Lebanon, Ind. 


Processing Equipment 


Cabinet Ovens: Equipped with 
high-pressure motor-driven blower 
which propels heated air in a def- 
inite air-flow pattern through work 
chamber, preventing disturbances 
due to radiant heat and assuring 
temperature uniformity. Has indi- 
cating temperature control, high- 
volume adjustable air flow, high 
and low heat switch for close con- 
trol and quick recovery, manual 
interlock for purge period opera- 
tion of blower without heat, elec- 
trical interlock for turning off heat 
in case of blower motor failure, ad- 
justable pcsitive exhaust and in- 
tee. Available in either horizon- 
tal or vertical flow. Provide tem- 
peratures to 650 and 850 F for 220 
or 440-v operation. Grieve-Hendry 
Co. Inc.. Chicago, Ill. 


Castings Impregnator: Seals met- 
al castings permanently. Self-con- 
tained unit comprised of autoclaves, 
high-vacuum pump, thermostati- 
cally controlled wash tanks, me- 
chanical surging unit and power- 
operated hoist. Castings are run 
in batch loads; basket is loaded 
mechanically and automatically. 
Impregnant level, overflow and pore 
penetration are indicated and meas- 
ured on a cycling panel. Occupies 
less than 40 sq ft of floor space, 
exclusive of baking oven. Ameri- 
can Metaseal Mfg. Corp., New York, 
N. Y. 


Wet Blasting Machine: Model 30 
Liquamatte for precision cleaning 
and finishing applications involv- 
ing small pieces that can be lifted 
and handled manually., , Recom- 
mended for small stamping, die- 
casting and drawing dies; glass, 
plastic and small rubber molds; 
cleaning oxides from tungsten car- 
bide tips before brazing to cutting 
tools; removing heat treat scale; 
deburring. Fine mesh abrasives 
suspended in water are propelled 
at the work by compressed air. 
Flat surfaces, knurling, and other 
vulnerable areas are not damaged 
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to bring you CHASE*wire with a clean, bright finish 


Be sure you're getting clean, even tempered 
brass or copper alloy wire, free from physical 
defects. Ask for Chase wire by name. 

We check constantly on the dimensions, color, 
surface condition and temper of Chase wire to 
make sure the wire you get is entirely uniform. 
Only a flash pickle is required to make Chase 


(Chase sess Zor 2 E 


WATERBURY 20, CONNECTICUT ¢ SUBSIDIARY OF KENNECOTT COPPER CORPORATION 
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wire clean and oxide-free because carefully 
controlled annealing assures a high lustre, ex- 
cellent surface texture and uniform color. 


Cut your production costs with Chase 
wire. Write for free booklet giving shapes, 
sizes, alloys and tempers available. 





The Nation’s Headquarters for Brass & Copper 


Kansas City, Mo. New York San Francisco 
Los Angeles Philadelphia Seattle 
Milwaukee Pittsburgh Waterdury 
Minneapolis Providence 


Rochestert (tsales 


Cincinnati Indianapolis © New Orleans St. Louis office onty) 
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Primarily, ACUSHNET sells rubber engineering “brains” — spe- 
dalized, collective engineering skill that produces the solution to problem 
jobs constantly confronting the users of “precision” molded rubber parts. 

ACUSHNET accomplishments in this specialized field of precision- 
production are widely recognized throughout industry. We count among 
our customers many of the nation’s leading manufacturers, as well as 
smaller producers of quality products. 


~ 





Our Engineering Staff will gladly study your prints and recommend stocks 

with properties to meet specified conditions, or work with your engineers 

in the initial stages of their designs. Our staff is particularly 
adept in designing molds that 
provide maximum production 
efficiencies and economies. 


Send for your ¢ of the 
PROCESS COMPANY ‘Se for vou copy of the 








Address all communications to 762 Belleville Ave., New Bedford, Mass. 
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by abrasives. Tolerances of 0.0001- 
in. can be maintained where re- 
quired. Features pushbutton con- 
trols, vertical pump for slurry agi- 
tation and recirculation. Slurry is 
not lost through leakage because 
there are no packing glands. Hop- 
per need not be drained before 
pump is removed. Size, 30 by 30 
in. at base, 83 in. high; blasting 
compartment is 30 in. square and 
31 in. high. American Wheela- 
brator & Equipment Corp., Misha- 
waka, Ind. 


Testing and Inspection 


Monochromatic Colorimeter: De- 
termines color densities and per- 
centage of light transmission in 
quantitative analyses. Employs 
transmission type interference fil- 
ters which provide high spectral 
purity; detects small absorption 
bands in transmission curve. Fil- 
ters will not deteriorate with age 
because they utilize metallic films 
evaporated on glass surfaces. Fea- 
tures two-knob control. Dual-pur- 
pose filter holder accommodates 2 
by 2-in. or 1 by 1-in. filters. Light 
is automatically cut off from photo- 
electric cell when holder is with- 
drawn from light path. Scale gives 
direct transmission and density 
readings by means of a floating 
spotlight. Bausch & Lomb Optical 
Co., Rochester, N. Y. 

Dynamometer: Tru-Tork Model 
52 Custom for testing ac and dc 
motors. Features self-regulating 
absorption unit and “Quick Check” 
torque scale which indicates direct- 
ly in foot-pounds and horsepower. 
Self-regulating brake assures con- 
stant torque loading regardless of 
speed variations of motor under 
test, making possible the simula- 
tion of conditions similar to those 
encountered in actual motor opera- 
tion. Tests can be made by un- 
skilled personnel without the use 
of computations or formulas. 
Switch-gear offers selection of 
either single or three-phase power. 
Meters indicate ac volts, ac am- 
peres, ac watts and speed of the 
motor while in operation. Rated at 
3 hp at 1800 rpm; has speed range 
extending to 4000 rpm. George L. 
Nankervis Co., Detroit, Mich. 
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BaW ERW Carbon Steel 
Mechanical Tubing 





Uniform wall thickness and conceatricity permit "gage and inside diameter, wane superior | 
the frequent use of tubing in the “as is” condi- finish is necessary for piating, polishing o: 
tion, even for such rotating parts as conveyor quering, or where close control of hardness. on. 
tolls, thus eliminating costly machining oper- temper is desired. For most operations not in- — 
ations. Fabricators who insist upon B& lec- volving these requirements, hot-rolled steel will 
a tric-Resistance-Welded Carbon Steel Sechonics! prove ~ satisfactory. 
Apap feet Whey can was snasiagd seethods B& TB-333 contains valuable ‘tips 
of joining, forming, and Sanaa, Ae, Oe Se Sy ee gets honey, 


of uniform work 
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Pittsburgh brushes in 
use at Westinghouse 
Electric Corp., re- 
moving slag from test 
plates used in welding 
equipment. Westing- 
house reports better 
finish in less time, in 
comparision with 
former hand methods. 





Replace hand finishing with power- 
driven Pittsburgh Brushes for 


Better Cleaning 
Lower Labor Costs 
Fewer Rejects 


—as these companies did: 


Removal of imbedded slag in welding test plates formerly 
was done by hand at the Westinghouse Electric Corp., 
Trafford, Pa., using a wire brush and welder’s hammer. 
Pittsburgh brushes, powered by a direct-drive % h.p. 
motor, now remove more slag in less time, and produce 
a better finish. In addition, Westinghouse reports their 
Pittsburgh brushes “stand up better than average in use.” 


Complete cleaning of dried concrete, rust and scale from steel 
frames used in concrete forming is essential prior to re- 
using the forms. Pittsburgh wire brushes were installed at 
the Universal Form Clamp Co., Chicago. Working on a 
conveyor-fed machine, the Pittsburgh brushes now remove 
all foreign material at a rate of 50 pieces per hour, replacing 
former laborious hand brushing and scraping. 


De-scaling preheated bar stock at the Dominion Forge & 
Stamping Co., Ltd., Canada, was formerly done by hand 
scraping. This never did a complete job, and inclusions 
resulted which produced defective forgings. Pittsburgh 
brushes, on specially-designed machines, now do the job, 
and have “increased efficiency, decreased the amount of 
scrap, improved work quality, and saved labor.” 


WRITE TODAY FOR FREE BOOKLET! 
Write today for a free copy of our booklet that 
shows, through actual case histories, how Pittsburgh 
cuts brushing costs. Address: PirrsBuRGH PLATE 
Grass Company, Brush Div., Dept. W-5, 3221 
Frederick Avenue, Baltimore 29, Maryland. 


PITTSBURGH 
pwr 


Fewer Univer 


BRUSHES * PAINTS * GLASS * CHEMICALS * PLASTICS * FIBER GLASS 


PITTSBURGH PLATE GLASS COMPANY 


IN CANADA: CANADIAN PITTSBURGH INDUSTRIES LIMITED 









300 


OF MACHINES 


John T. Davidson 
has been elected to 
the new post of vice 
president of the 
Standard Register 
Co., Dayton, O., in 
charge of engineer- 
ing and_ research. 
Educated at Ohio 
State University, Mr. 
Davidson was associ- 
ated with the Na- 
tional Cash Register 
Co. in Dayton prior 
to joining Standard 
Register in 1940. Un- 
til his new appoint- 
ment he held the po- 
sition of chief engi- 
neer. A primary function of the division which Mr. 
Davidson now heads is fitting automatic forms opera- 
tion to successive new advancements in business ma- 
chines through mechanical, electrical and electronic 
devices which the company makes for continuous, con- 
trolled form feed and for auxiliary processing of the 
documents. He will direct a staff of over 100 en- 
gineers. 





John T. Davidson 


Gordon B. Carson, 
former engineering 
faculty member at 
Case Institute of 
Technology, was 
named dean of the 
College of Engineer- 
ing at Ohio State 
University. Mr. Car- 
son, who was secre- 
tary of the Selby 
Shoe Co., as well as 
manager of engineer- 
ing, succeeds the late 
Charles E. Mac- 
Quigg. Mr. Carson 
received a degree in 
mechanical engineer- 
ing from Case in 
1931 and became a graduate assistant at Yale Uni- 
versity, serving until 1932, when he received his 
M.S. in mechanical engineering. He returned to Case 





Gordon B. Carson 
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ONE CUSTOMER SHOWED US BY: 


Taking a section Making it into a 
from an OK bedway “tool bit’ 





The Gisholt Machine Co., Madison, Wisconsin, who use 


Ohio Knife bedways exclusively on their ram and saddle’’’’ 


type Turret Lathes, made the above dramatic test for one of 
their customers. RESULT—another sale of a famous Gisholt 
Turret Lathe. 


This super uniform hardness on the wear surfaces to a depth 
of 3/16" (64-66 Rockwell “C’’) is the reason why more and 


more OK ways, gibs, races, etc., are being specified on new. | 


equipment and used as replacements where former parts have: 
failed. OK ways are practically wear proof assuring constant 
accuracy throughout the life of your machine. Enjoy with many 
prominent machine tool builders and users, the long wearing, 
supreme accuracy, super hardness of OK ways. Many sizes, 
shapes, etc., available, or made to your specifications. 


OK wear strips are now available in welded Ampco bronze. 
(Reg. U. S. Pat. Office by Ampco Metal Inc.) 


Manufacturers for the Metal Working Industry of: 
SLITTER KNIVES © SHEAR BLADES © ROTARY SHEAR KNIVES 
HARDENED SPACERS © HARDENED WAYS ¢ GIBS 


BALLRACES ©@ BRONZEWAYS ..¢ WEAR STRIPS ai?! 
: a r ye 


WU IGAD Sat 
Wri hensive Bulletin to Dept. A 
Write, for, sempre ensive Bulletin to Dept Deg io GREEN 


wis 4 
THE @uH10 EENireE co. 
LADO EM MAT 23, rf 











Oy fist zi 2 
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Then cutting metal with it 
(1045 cold rolled steel) 
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ELECTRO- 
MECHANICAL 
ENGINEERS 


DESIGNERS 


— ee ee ee EK EE ee 


SMALL, 
PRECISION 
DEVICES 


HUGHES RESEARCH 
AND DEVELOPMENT 
LABORATORIES 


organizations, is now creating a number 


of new openings for qualified electro- 
mechanical engineers and designers in 


! 
| 
| 
se , , 
| -one of the nation’s leading electronics 
| 


THE COMPANY 
The Hughes Laboratories, 
located in Southern Califor- 
nia, are presently engaged 
in the development and pro- 
duction of advanced radar 
devices, electronic com- 
puters and guided missiles. 


THE OPPORTUNITIES 
Opportunities are offered 
for men who will perform 
interesting work on devel- 


opment of intricate new 


devices in close association 
with outstanding scientists. 
Activities embrace a variety 
of challenging problems 
which require originality 
and afford unusual possibili- 
ties of progress in learning. 


FIELDS OF WORK 
The work includes such 
fields as those involving 


important phases of its operations. 


Servo Mechanisms, Com- 
puters, Microwave Tubes, 
Pulse Circuitry, Solid-State 
Physics, Miniaturization, 
Antennas — Wave- guides, 
Heat Transfer, Hydraulics— 
Gyros, Test Equipment, 
Subminiaturization, Stress 
Analysis, Instrumentation, 
Structures, and Precision 
Production Mechanisms. 


YOUR FUTURE 
Working experience in ad- 
vanced techniques employ- 
ing the above fields will 
increase your value to the 
Company as it further ex- 
pands in development of 
electro-mechanical devices. 
Large-scale use of electroni- 
cally controlled systems in 
business and industry is a 
certainty within the next 
few years. 


. How to apply 
| Write today to address below, giving 
| details of qualifications and experience. 
| Assurance is required that any reloca- 
| tion of an applicant will not cause dis- 
: ruption of an urgent military project. 
i 
ee eee ee. Re ee eee 
ro 
Scientific | | RESEARCH 
and | | AND 
Engineering | HUGHES | DEVELOPMENT 
Staff | | LABORATORIES 
ilies casted eS 
LOS ANGELES COUNTY, CALIFORNIA 


CULVER CITY 
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to teach and was promoted to assistant professor and 
then to associate professor of industrial engineering 
in charge of the industrial division of mechanical 
engineering. In 1938 he was awarded the profes- 
sional degree, “Mechanical Engineer,” by Yale Uni- 
versity. While at Case, Mr. Carson served as re- 
search engineer and then as director of research for 
the Cleveland Automatic Machine Co. He also de- 
veloped the curriculum for and initiated the gradu- 
ate program leading to the degree of M.S. in indus- 
trial engineering at Case. In 1944 he left the school 
to become assistant to the general manager of the 
Selby Shoe Co., devoting his attention to special man- 
agement projects. After a year he became manager 
of engineering and in 1949 was also made secretary 
of the corporation. Mr. Carson is a member of Tau 
Beta Pi and Sigma Xi, the American Society of Me- 
chanical Engineers, the National Society of Profes- 
sional Engineers, the Industrial Management Society 
and the American Ordnance Association. 

J 


~ se 


Aro Equipment Corp., Bryan, O., has appointed Ar- 
thur S. Iberall to direct the newly formed research 
and development department in its Aircraft Div. in 
Cleveland. In addition, Mr. Iberall will serve as a con- 
sultant to Aro customers desiring technical guidance. 


° 


The Babcock & Wilcox Co., New York, recently an- 
nounced several changes in engineering personnel. W. 
H. Rowand, chief engineer of the Boiler Div., has been 
elected a vice president of the company. He will con- 
tinue to hold the post of divisional chief engineer. 
Paul R. Loughin, former chief of staff engineering and 
recently named an executive assistant, has been trans- 
ferred to the staff of the Boiler Div. C. L. Norton Jr., 
former technical director, was named executive assist- 
ant in charge of all development and engineering ac- 
tivities in the company’s Refractories Div. His for- 
mer assistant, Bradford Hooper, was named technical 


director. 
” 


Formerly chief engineer, Homer Gray has been 
named executive vice president of Air-O-Matic Power 


Steer Corp., Cleveland. 


. 


Officers of the American Gear Manufacturers Asso- 
ciation for 1953-1954 elected at the recent annual 
meeting are as follows: president, George H. San- 
born, sales manager, Fellows Gear Shaper Co.; vice 
president, R. B. Holmes, general manager, Link-Belt 
Co.; treasurer, Fred R. Eberhardt, president, Eber- 
hardt-Denver Co. The association’s executive com- 
mittee for the coming year will be composed of R. B. 
Tripp, executive vice president, Ohio Forge and Ma- 
chine Corp.; R. E. Smallwood, engineer, industrial 
division, Dominion Engineering Works; E. C. Denne, 
manager, gear department and consultant, United 
Engineering and Foundry Co.; and T. A. Jones, 
president, W. A. Jones Foundry and Machine Co. 
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This Air Cylinder Combines 


@D sunrin HYDRAULIC CONTROL 
© sunrin ELECTRIC CONTROL 
E&P sunr-in SPEED CONTROLS 





TWO 
MOUNTING STYLES 


The Bellows Air Motor and 
Hydro-Check (Model HCB- 
EM) is available arranged in 
tandem as shown above, or 
in parallel, as sketched. 


* 
Combination units of Air 
Motor and Hydro-Check are 
also made with any one of 
six other Bellows directional 
valve arrangements; and, of 
course, Air Motors and Hy- 
dro-Checks are available as 
Separate units. 
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FOR FASTER, 








In one compact packaged power unit are built-in controls to cover every 
phase of air cylinder operation. Built-in hydraulic control of piston rod 
movement gives the characteristic smoothness of hydraulic operation, yet 
retains the speed and flexibility of air power. Built-in electrically controlled 
directional valve permits quick, positive, remote control, or easy electrical 
synchronization with other machine elements. Built-in speed controls per- 
mit exact control of piston rod speed in either or both directions, 


This combination of Bellows Air Motor and Hydro-Check is available in 
five bore sizes: 114”, 134”, 242”, 3¥@” and 42” in standard stroke lengths 


up to 18”, 


Here is air cylinder power at its best — fast, flexible, safe, and smooth. 


BULLETIN CL-50 TELLS THE STORY. WRITE FOR IT TODAY! 
DEPT. MD753 


The Bellows Co. 


AKRON 9, OHIO 
BETTER PRODUCTION 












SAFER, 
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The remarkably wide range of uses 
to which components made and —. ; 
essed by Western Felt is Pat race 
serving in scores of industries—fro 
women’s hats to 50 ton forge hammers. 
In the automobile field alone, as an exam~- 
ple, this felt has been chosen to best serve 
in more than thirty purposes per Car. 
Western Felt engineers and chemists for 
decades have worked in close cooperation 
with users of felt to give them the wary 
highest quality of material, paggescrt oer 
uniformity. There are still a — 
potential uses for Western Felt products, 
made to almost any shape, size or con- 
yy, gene from wool-softness to rock- 
hardness. When cut, it does not fray or 
lose shape. It can be cut to close rg Moone 
for such products as gaskets, was “ 
channels, grommets, filters, seals, etc. ; 
can be made waterproof and angne Bees 
and flame resistant. Ask pre ase se 
engineering cooperation—they av 
specialized knowledge to aid you. 





NGINEER'S 


rary 


Recent Books -: 


Engineering Drawing. By T. E. French, late professor 
of engineering drawing, and C. J. Vierck, professor of en- 
gineering drawing, Ohio State University; 725 pages, 
6% by 9% inches, clothbound, published by McGraw-Hili 
Book Co. Inc., New York; available from MACHINE DE- 
SIGN, $8.00 postpaid. 


A classic in its field since its first publication in 
1911, this eighth edition of Engineering Drawing has 
been revised to follow the latest standards and in- 
corporate all the modern methods and practices. The 
chapters have been rearranged into four basic divi- 
sions: fundamentals of shape description, size descrip- 
tions, basic machine elements, and a section of work- 
ing drawings. Many new drawings, sketches, and 
illustrations have been added along with practically 
a new chapter on orthographic reading. 


¢ 


Direct Current Machines for Control Systems. By A. 
Tustin, professor of electrical engineering, Birmingham 
University, England; 320 pages, 6 by 9 inches, cloth- 
bound; published by MacMillan Co., New York; available 
from MACHINE DESIGN, $10.00 postpaid. 


Application of automatic precision controls in in- 
dustry has been materially advanced by the introduc- 
tion of a class of de dynamo, the rotary amplifier. 
Such machines, known variously as metadynes, ampli- 
dynes, and many other names, provide power ampli- 
fication with a fast speed of response ahd thus fur- 
nish a basis for new solutions to control problems. 

Details of servo design and performance are fitted 
together with details of machine design for power 
amplification. An explanation of the principles on 
which these machines operate provide & basis for their 
further development, both in design and application. 


¢ at oe. 
i ae 
Mechanica! Engineering Thermodynamics, By David 
A. Mooney, mechanical engineer ; 552 pages, 6 by 9 inches, 
clothbound; published by Prentice-Hall Inc., New York; 
available from MACHINE DESIGN, $9.35 postpaid. 


Thermodynamics is treated in this textbook as a 
logical formulation of facts known from practical ex- 
perience. The general order of presentation is basic 
concepts, principles, data on substances, and engineer- 
ing applications. The basic concepts of work and heat 
are discussed in detail along with a number of illus- 
trative examples. The properties of substances arc 
presented from a general viewpoint and then specific 
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EMC and CYCLOHM Fract 


Universal and Direct Current | / | 


Shaded Pole | /2 t /8h.p. © Induction 


Dynamotors * Blowers © Motor Parts Sets © Geared Motors 





Uou Cam tale a. motor ly Re Company it Reyer! 


Den A list of Howard’s customers in the electronics 
y Soon industry includes most of the best known producers 


in the country—for EMC and CYCLOHM fractional 
h.p. motors have a wide range of usage in 
electronic equipment. 


To mention a few of many applications— 
EMC and CYCLOHM motors are currently used for 
cooling tubes in transmitters, take-up reels and 
drive mechanisms in tape recorders, drive 
mechanisms on facsimile equipment, blowers for 
HOWARD INDUSTRIES, INC. microwave relay systems, radar antenna systems, 
RACINE, WISCONSIN aircraft radio landing systems and many thére. 





DEPT. MD-5 


If you have an application requiring fractional 
h.p. motors for electronic equipment or for 
adding machines, sewing machines, power tools, 
cameras, projectors, blowers, etc., check 

with Howard today. 


DIVISIONS: ELECTRIC MOTOR CORPORATION CYCLOHM MOTOR CORPORATION **'¥@'° RACINE ELECTRIC PRODUCTS 
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HARTWELL 
Trigger- 


Action 
FLUSH LATCHES 







































































AND HINGES 
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The World's best and most complete 
line for every application . .. 
“Make them flush, safe and simple!” 
was the plea of industries to the 

latch and hinge manufacturers. 

So HARTWELL did. Flushness 
for streamlining, efficiency and 
economy. Safe, rugged,compactness 
for dependable performance. Simple, 

positive-action to speed up mainte- 
nance operation. 

Finger-tip pressure on the trigger 
of the latch releases the bolt and 
permits the door to open. Finger-tip 

pressure on the bolt, when the 
door is in place, locks it shut. 

Dynamically flush and safe, they 

meet or surpass the most exacting 
requirements. 

Write for engineering specifications 
and counsel. 


HARTWELL 


COMPANY 


Manufacturers of Flush Latches and 
Hinges, Fittings and Cable Terminals. 
9035 Venice Bivd., Los Angeles 34, Calif. 














The Engineer's Library 





items are considered. In the chapters on application, 
care is taken to point out the considerations other 
than efficiency which influence the use of a particular 
cycle or apparatus. 

The appendix is made up of a nomenclature and 
eleven tables. Large-size temperature-entropy dia- 
grams for carbon dioxide and air are included in a 
back-cover pocket along with the Molier steam chart, 
a pressure-enthalpy chart for Freon-12, and psychro- 
metric chart. 


e 


Mechanism. By Joseph Stiles Beggs, associate pro- 
fessor of engineering, University of California, Los An- 
geles; 200 pages, 8% by 11 inches, loose-leaf; available 
from U.C.L.A. Students Store, 402 Westwood Blwd., 
Los Angeles 24, Calif.; $3.00. 


Written from notes for an advanced course in 
kinematics, this volume provides a reference for the 
selection of mechanisms. Mathematical and graphi- 
cal analyses are presented concerning position, ve- 
locity, acceleration, rolling curves, gearing, cams, 
couplings, intermittent drives, linkages and slides, ten- 
sion and compression links, mechanisms trains, com- 
puting mechanisms, and controlling circuits. 


New Standards 


Involute Spline and Serration Gages and Gaging. ASA 
B5.31-1953; 22 pages, 8% by 11 inches, paperbound; 
available from American Society of Mechanical Engi- 
neers, 29 W. 39th St., New York 18, N. Y.; $1.00 per 


copy. 


Factors which affect fits and their control, working 
and inspection gages, inspection methods, gage num- 
bering and identification, machining tolerances and 
allowable errors are among the subjects covered in this 
involute spline gaging standard. Material also includ- 
ed are gage dimensioning and design, ring gage pin 
measurements, comparison of serrations with splines, 
serration gage tolerances, and formulas for serration 


plug and ring gages. 
+ 


Code for Pressure Piping. ASA B31.1a-1953; 24 pages, 


| 8% by 11 inches, paperbound; available from American 


Society of Mechanical Engineers, 29 W. 39th St., New 
York 18, N. Y.; $1.00 per copy. 


This supplement lists changes and additions in the 
formulas, tables, and text of the ASA B31.1-1951 
standard. Tables of allowable pressure values for 
pipe of various materials used in district heating, 
power, and oil piping systems are included. Two 
tables give pressure-temperature ratings of American 
standard cast and forged, 5 per cent chrome-molyb- 
denum alloy steel valves, fittings, and flanges when 
used with ring and other joints. 
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an easy way to cuf your 


production costs 


OILITE does it- 
with FINISHED MACHINE PARTS 


A! 








No investment in machine Releases skilled manpower to 





tools other jobs 


No costly tooling programs No material supply problems 











FIELD ENGINEERS AND DEPOTS THROUGHOUT 
UNITED STATES AND CANADA 


Oilite Products Include: Bearings, Finished Machine Parts, 
Cored and Solid Bars, Permanent Filters and Special Units. 
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BEARINGS 


Li Pua NY LON 


Solve Many 


Bearing Problems 


e RESILIENCY RESISTS POUNDOUT e PERMIT DRY 
OPERATION » MINIMIZE ABRASION FAILURES e 
SILENT OPERATION e LOWER FRICTION e SUPERIOR 


CORROSION RESISTANCE @ OPERATE IN LIQUIDS e 
ELIMINATE FRICTION OXIDATION @ LIGHT WEIGHT 
e DAMP MECHANICAL VIBRATION @ EXTREMELY 
COMPACT @ CLOSE FITS » NON-CONTAMINATING e 
LOW COST @ LONGER LIFE @ LESS MAINTENANCE 
® BEARING SURFACE INSTANTLY REPLACEABLE 





*NYLINED Bearings have a highly engineered thin liner of 
DuPont Nylon, designed to bring bearing users the many bene- 
fits of Nylon as a bearing material by solving most of the 
limitations surrounding its use. 


For further information end the name of your local representative, write 
THOMSON INDUSTRIES, Inc. 
Dept. 9 
Manhasset, New York 


Also Manufacturers of BALL BUSHINGS... 
The Ball Becring for Linear Motions ~~ 
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NOTEWORTHY 


D IRECTIONAL TORQUE CONTROL for drive con- 
nections is afforded by the mechanical shaft coupling 
detailed in patent 2,626,027. Designed by Roy H. 
Anderson, the coupling can be operated in either di- 
rection of rotation and incorporates an automatic lock- 
ing action which prevents torque reversals under load. 
Power is transmitted to the outer driven member by 
two sets of steel balls spaced alternately in wedge- 
shaped slots in the driving member which rotates 









Rotating members 
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about a third stationary member. Direction of the 
applied torque determines which set of balls is in 
driving contact. In normal operation the balls ride 
over the stationary member; however, tendency of 
the driven member to reverse torque direction under 
load causes a wedging action to lock the coupling 
against rotation. Oscillation of the balls during ro- 
tation is prevented by spring-actuated detents. As- 
signee of the patent is Boeing Airplane Co. 















D UAL SCREW DRIVE for transmitting linear mo- 
tion at high speed offers two-unit reliability in a 
single mounted assembly. Covered in patent 2,630,- 
022 assigned to Boeing Airplane Co. by Frank Terdina, 
a ball-bearing screw and nut drive transmits power 
to a nonrotating housing mounted to the nut. Two 
worm gear units power the screw and aut independent- 
ly, driving the housing at high speed when both are 
operating simultaneously. Use of two power units 
assures continued operation if one fails. Design of 
the drive permits reversal only under power. 


Dnopneut SEALING of journal-bearings is ob- 

tained with the seal shown in patent 2,626,839 without 

the necessity for close fits usually required with con- 

ventional types. Assigned to Ross Gear & Tool Co. 
(Concluded on Page 312) 
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You don’t have to wait for Multi-V-Drive Equipment 


Worthington stocks a complete line of QD Sheaves, small 
V-pulleys, and Worthington-Goodyear EC Cord V-belts 


Your local Worthington Multi-V-Drive distributor has a complete 
line of Worthington QD Sheaves, fractional horsepower V-pulleys 
and Worthington-Goodyear V-belts. He’s backed by large factory 
stocks that enable him to fill your order immediately. 


The Worthington fractional horsepower line of V-pulleys includes: 


The QD Junior V-Pulley that will grip the shaft tighter than any 
other V-pulley now available. Its tapered hub is forced tight on the 
shaft and won’t loosen due to shock or vibration. 


Machined Steel V-Pulleys—314 inches and under—precision-bored 
for proper fit. Grooves are accurately cut to provide proper seating 
of the belt for longer wear. 


Pressed Steel V-Pulleys of heavy gauge welded steel. Equal weight 
distribution assures accurate balance and vibrationless operation. 


WORTHINGTON-GOODYEAR EC CORD V-BELTS are © Cast Iron Bored-to-Suit V-pulleys accurately machined for true 
the only belts available with a single parallel row of running and perfect balance. They come in a full range of sizes with 
low-stretch, high tensile, heavy cord to withstand t 

high flexing abuses required of short belts. Tirecord  OM© OF tWO grooves. 

Ply construction insures proper transverse rigidity For prompt deliveries, or further information on any Multi-V- 


on longer V-belt drives. Steel Cable V-belts and , . . . , 
HY-T Super Rated V-belts will handle really tough Drive equipment, write to Worthington Corporation, Section 


drives. Prompt service on the complete line. MV.3.2, Oil City, Pennsylvania. MV.3.2 


==. WORTHINGTON — 


Worthington Standard Products 
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We You can design new interest, provide more 


information, create appealing movement and put 
sell action to work with Sterling indicating 
meters. Just think of the possibilities they sug- 
gest—as directional meters such as are used on 
television antenna rotors, or as ammeters, volt- 
meters, etc. But don’t stop there—you can have 
shape, size, color, finish and almost any form you 
might need for your adaptation—you might even 
be dreaming up a toy, gadget, or atomic whatsit 
to which electrical or mechanical indicating ac- 
tion will give unusual appeal. One fact you'll 
want to know is that Sterling meters are mod- 
erate in cost—actually inexpensive when you 
consider their great sales value. Want to do 
some exploring? We'll be glad to help. 


STERLING IDEAS 
SEE THEM NOW! 


This file folder is chock-full of in- 
formation on Sterling meter models 
(A.C. and D.C. Panel, Resistance, 
Pocket in Ammeters, Voltmeters, etc.) 
plus examples of spécially designed 
indicating meters for interesting appli- 
cations. Send for your copy today. 


STERLING 


MANUFACTURING COMPANY 
720! Wentworth Ave. 
CLEVELAND 2, OHIO 


Noteworthy Patents 





(Concluded from Page 308) 


by William K. Creson and Matthew W. Berghoff, the 
V-shaped all-rubber or synthetic seal fits into a coun- 
terbored recess in the journal end. One lip checks es- 
cape of lubricant along the shaft and the other pre- 
vents losses over the seal outer surface. Takeup ad- 
justment for diameter variations in assembly is pro- 
vided by serrations in the outer surface. Seal reten- 
tion requires only a minimum of axial force and may 
be accomplished by any of several methods such as 
snap or retaining rings, staking, etc. 


Unirorm CLUTCHING ENGAGEMENT is 
achieved with floating sprags in an overrunning clutch 
designed by David E. Gamble. Assigned to Borg- 
Warner Corp. under patent 2,624,436, the design em- 
ploys a rubber ring carrying the sprags in axial slots, 
offset to provide clutching action. Resilient action of 























the ring permits slight movement of the sprags, as- 
suring proper seating and uniform pressure of en- 
gagement. In addition, the construction simplifies 
assembly and facilitates manufacture of clutches in 
small sizes. A modification providing secure reten- 
tion of the sprags in the carrier is also shown. 


"Torstonat VIBRATION DAMPING of connected 
shafts is afforded by a flexible coupling which can also 
be operated under angular misalignment. Described 
in patent 2,620,640, the coupling has been designed for 
use on internal combustion engine crankshafts oper- 
ating under temperatures up to 180 F. Flexibility is 
provided by a floating sleeve member which transmits 
power from the driving to the driven shaft connec- 
tions through a vibration-absorbing rubber cushioning 
element—operation is essentially that of an Oldham 
coupling. Construction of the coupling, which limits 
axial separation of the members, is described in sev- 
eral modifications. The patent has been assigned to 
General Motors Corp. by Max G. Bales. 


Copies of all patents presented in this department 
may be obtained for 25 cents each from The Commis- 
sioner of Patents. Washington 25, D. C. 
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Greyhound Specufied 


ICKERS HYDRAULIC POWER STEERING 


on 400 New Coaches 





Always searching for ways to further increase passenger 
safety, Greyhound Lines selected Vickers Hydraulic Power 
Steering for the 400 new Model PD-4104 GM Coaches 
recently purchased. 

Vickers Hydraulic Power Steering prevents the possible 
loss of driver control when a vehicle is forced off the 
pavement onto a soft shoulder... or when a front tire blows 
out. Extra steering power and quick maneuverability are 
always available fer emergency conditions. 

The Vickers System absorbs all road shock and transmits 
it to the vehicle frame .. . there can be no kick-back at the 


WAERER? hdhaulic 
POWER STEERING 


is Effortless 
Positive and Shockless 










6231 


ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 
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steering wheel. The driver supplies only enough effort to 
slightly move a servo valve . . . fatigue is thus greatly 
reduced and the driver is more alert. . 

Only minor alterations are usually required to incorporate 
Vickers Hydraulic Power Steering in new and existing vehicle 
designs. For further information, ask for new Bulletin M-5104. 


MICKERS Incorporated 


DIVISION OF THE SPERRY CORPORATION 
1430 OAKMAN BLVD. ¢ DETROIT 32, MICH, 


Application Engineering Offices: ATLANTA . CHICAGO (Metropolitan) 
CINCINNATI « CLEVELAND « DETROIT « HOUSTON « LOS ANGELES (Metropolitan) 
NEW YORK (Metropolitan) « PHILADELPHIA ¢ PITTSBURGH « ROCHESTER 
ROCKFORD « SEATTLE « TULSA « WASHINGTON e WORCESTER 





Vickers Hydraulic Power Steering 
Booster does the actual work of 
steering 













Engiue-driven Vickers Vane Pump (with integral 
volume control and relief valves, and oil reservoir) 
supplies power for steering. 
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THE NEW LOW COST 
Aingke disc 
JOHNSON CLUTCHES 


an addition to the MAXITORQ line 


The Johnson 350 and 450 Single Disc Clutches are the newest addi- 
tions to the Carlyle Johnson line... fitting companions to the Maxitorq 
multi-disc series. 

They are ideal for light machinery service to 6 H.P. Several driving 
combinations are available, including V-belt. Far greater capacity at low 
cost is provided. (See column at right for typical applications.) They have 
the same “floating disc” principle as the Maxitorq Clutch ... discs that 
ride free in neutral . . . no drag, no abrasion, no heating. A simple hex-key 
frees the knurled ring for easy manual clutch adjustment. Machine designers 
will find the solution to many problems with this new Johnson Clutch. 


Send for Bulletin 
MD-7-250 














SPEAKING 


Because of a large backlog of orders, The 
Carlyle Johnson Machine Company found 
it necessary to postpone the announcement 
of the new Johnson Single Disc Clutches. 

Now, with added equipment for high 
speed production, it is possible to produce 
and ship the new clutches without undue 
delay. In fact, small orders or units for try- 
out in new machines will be forwarded at 
once. Design features make the Johnson 
especially suitable for installation in the 
following machinery: 

Accessory Drives, Air Compressors, Bag 
Making, Boat Drives, Bread Wrapping, 
Chain Drives, Combines (farm), Convey- 
ors, Crop Seeders, Cultivators, Dusting Ma- 
chines, Feed Grinders, Floor Scrubbing, 
Fruit Cleaners, Gasoline Engines, Genera- 
tor Drives, Hay Balers, Hoists, Loaders, 
Lawn Mowers, Milk Coolers, Mixing Ma- 
chines, Motor Scooters, Packaging Machines, 
Paper Shredders, Power Fans, Power Saws, 
Power Take-Offs, Pumping Equipment, 
Sand Spreaders, Sewing Machines, Sheep 
Shearers, Spraying Equipment, Textile Ma- 
chinery, Threshers (small), Tobacco Ma- 
chinery, Tool Grinders, Tractors (garden), 
“V" Belt Drives, Vegetable Sorters. 

Naturally, these are but a few of the pos- 
sible applications for the Johnson Single 
Disc Clutch. The field is wide open, with 
new machinery constantly being developed. 


Included in the driving combinations are: 
Gear Tooth, Bolted Plate, Pulley Type, Hub 
Adapter, Cut-Off Coupling Adapter, Single 
V-Belt Pulley Drive, and Double V-Belt 
Pulley Drive. 


Carlyle Johnson engineers offer their engi- 
neering assistance in cooperation with your 
engineers and machine designers to develop 
the correct solution of your power transmis- 
sion requirements. Write to Frank R. Simon, 
The Carlyle Johnson Machine Co., Man- 
chester, Conn. x 
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